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CHAPTER 1 
INTRODUCTION 
1.1 FOOD - A BASIC NEED FOR SURVIVAL 
Food is a more basic need of man than shelter and clothing. It provides 
adequately for the body’s growth, maintenance, repair and reproduction. Food 
furnishes the body with the energy required for all human activities – it 
provides materials required for the building and renewal of body tissues and 
the substances that act to regulate body processes. 
Man’s basic drive is for food to satisfy his hunger. Food is intimately woven 
into the physical, economic, psychological, intellectual and social life of man. 
It is a part of his culture and filled with many different meanings and 
symbolisms for all individuals at various ages and stages of their maturity. 
Food, like oxygen, is a necessity of life. Food is anything, either solid or liquid, 
possessing a chemical composition which enables it, when swallowed, to do 
one or more of three things: 
a) to provide the body with material from which it can produce work, heat or 
other forms of energy; 
b) provide material for growth, maintenance, repair or reproduction; 
c) supply substances which normally regulate the production of energy or the 
processes of growth, repair or reproduction (Magnus P., 1982). 
1.2 FOOD AS A SOURCE OF NUTRIENTS 
Foods are composed of dozens or even hundreds of different kinds of 
substances–the “nutrients”, which when consumed in adequate amounts, fulfil 
all the functions of the body. Six general classes or kinds of nutrients found in 
all foods are carbohydrates, fats, proteins, vitamins, minerals and water. 
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1.2.1 CARBOHYDRATES  
They are our chief source of energy. The main sources of carbohydrates in 
the diet are starch and sugar. The sources of the former are mainly cereal 
grains (wheat, rice etc.) or tubers (potato, sweet potato, cassava) and those 
of the latter are sugarcane and fruits. 
1.2.2 FATS OR LIPIDS 
They are the most concentrated form of energy in the food. They furnish more 
than twice the number of calories per gram furnished by carbohydrates or 
proteins. Fats are abundant in both plant and animal materials. Nuts, such as 
groundnuts, are rich sources of fats. Butter from milk is an important source of 
fat. The adipose tissue of animals consists of fats. 
1.2.3 PROTEINS  
These are the major source of building materials for the body. Proteins also 
function as biocatalysts. The food value of the protein depends upon the 
nature and content of its amino acids, which are its structural units. The 
excess of protein not required for building may be used as a source of 
energy. Proteins are found in both animal and plant tissues. Meat, fish, 
poultry, eggs, milk and cheese are good sources of protein foods from animal 
sources. Pulses and cereals contain considerable amounts of storage 
proteins. Soybean contains over 40 per cent protein on dry weight basis. Nuts 
and seeds are also good sources of proteins.  
1.2.4 VITAMINS  
They are the “accessory nutrients.” Vitamins together with minerals are 
involved in small quantities in the regulation of body processes. They are 
constituents of enzymes, which function as catalysts for many biological 
reactions within the body. Vitamins are found in plant and animal tissues. 
Vegetables and fruits are good sources of vitamins. Wheat is an excellent 
source of B vitamins, but the bran and germ, containing the bulk of these 
nutrients, are usually removed during processing.   
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1.2.5 MINERALS  
These also act as catalysts for many biological reactions within the body. 
Their other functions include the building of bones and other structural parts 
of the body, muscular contraction, transmission of messages through the 
nervous system, and the digestion and utilization of nutrients in food. Minerals 
are found in foods from animal and plant sources.  
1.2.6 WATER  
It is second only to oxygen in importance for the body. It is an ideal medium 
for transporting dissolved nutrients and wastes throughout the body. Apart 
from the consumption of water as such, body needs of water are supplied by 
the foods we consume. Some foods contain a high percentage of water. Apart 
from this, oxidation of carbohydrates, fats and proteins in the body yields 
water. 
Foods also contain enzymes, colouring materials and flavour compounds.  
1.3 COOKING OF FOODS 
Cooking of food is the use of heat to bring about desirable changes in foods 
being consumed. Most foods are cooked before they are accepted. 
Experience has shown that most foods must be cooked to be acceptable to 
the human palate. Some foods, mainly from among the fruit and vegetable 
groups, are highly palatable when eaten raw - a commendable practice, for 
uncooked and unsoaked foods retain a good portion of their nutritive value. 
1.3.1 OBJECTIVES OF COOKING FOOD 
1.3.1.1 Improvement of food quality 
Cooking improves the natural flavour of food. If a blend of flavours is required, 
several foods could be cooked together to bring about this. If the object is to 
change the flavour of a food, cooking helps achieve this by addition of 
required flavouring material. Cooking could also destroy the flavour of a food. 
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In such a case, if the original flavour of the food is to be retained, there should 
be minimum cooking. Overcooking results in the volatilization of flavour 
substances and less desired product may be obtained. Colour and texture 
also influence flavour. Cooking helps develop desired colour and texture in 
foods. 
1.3.1.2 Destruction of microorganisms 
The food we eat is a very good media for growth of microorganisms. 
Microorganisms are ubiquitous in their distribution; they are found everywhere 
in every environment, and adapt themselves to almost every growth 
condition. Their action may be beneficial or harmful. One of the most 
important methods of protection of food against harmful microorganisms is by 
the application of heat. Cooking food to the required temperature for a 
required length of time can destroy all harmful microorganisms in foods 
(Peckham et al., 1979). 
Cooking partly sterilizes food. Above 40 C (104  F) growth of bacteria falls of 
rapidly and in general ceases above 45 C (113  F) (Thangam and Phillip, 
1984). Some nutrients are lost during cooking but it depends on several 
factors as given below:  
- Treatment of the food before cooking (pre-preparation). 
- Amount of cooking (cooking time). 
- Amount of liquid used for cooking. 
- Extent to which the food is kept hot before being consumed.  
1.3.2 COOKING METHODS 
Cooking is defined as the heat treatment carried out on food to improve their 
palatability, digestibility and safety. 
Though the temperature of cooking media reaches beyond 100 C in some 
cooking methods, the temperature attained by the food when cooked is only 
about 95 C (Mudambi and Rajgopal, 1981). 
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Table 1:  Methods of cooking 
Method Example Description Method of heat transfer Cooking temperature Effect on  nutrients 
Dry heat 1. Baking and roasting Cooking in an oven or 
other closed vessel 
Hot air and reflected radiant    
heat 
High cooking temp. but  if moisture is 
present in the    food, temp. in it does 
not exceed 100º C. In baking   temp. 
reaches to 160 - 205º C.  
but if moisture is present in the food, temp. in it does n  
Loss of thiamine and vit.C;  decreased 
protein digestibility  if excessively  high 
temperatures are used.   2. Grilling and  broiling  Direct heat  Radiation and some               
convection  
Moist heat 1. Boiling Cooking in boiling water Conduction Relatively low cooking temp. due   to 
which  cooking time is long. In 
pressure cooking  temp. reached is 
120º C, in boil-ing and steaming it is 
100º C, and in simmering and 
stewing it is 85 - 90º C.  
Loss of vit. C. 
 2. Steaming Cooking directly by  steam Conduction and convection 
 3. Pressure cooking Cooking by steam  under 
pressure 
Conduction and convection 
 4. Stewing and  simmering Cooking in water  below its 
boiling  point 
Conduction 
Hot fat 1. Frying Food partly or  completely 
immersed  in heated fat 
Conduction In deep-fat frying, food is cooked  
rapidly at   175 -  200º C  
Loss of fat soluble   vitamins if food is  not 
well coated. 
 2. Braising Brief frying in shallow fat 
followed by stewing 
Conduction 
Microwave - Food subjected to           
microwave radiation in  an 
oven 
Heat generated in food - Nutrient losses are similar to those in 
conventional    methods. 
Solar 
cooking 
- Food cooked in closed 
containers by solar energy 
Radiation - Loss of nutrients is similar to that seen in 
boiling and      steam cooking. 
5
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1.3.3 METHODS    OF    PRE-PREPARATION:    FERMENTATION    AND 
        SPROUTING  
Fermentation and sprouting are important methods of pre-preparation as they 
result in considerable increase in vitamin C and B-complex group. 
Fermentation means the breakdown of carbohydrate material by 
microorganisms (or enzymes) under anaerobic conditions. Fermentation 
produces flavour and textural changes and fermented foods are actually more 
nutritious than their unfermented counterparts (Manay and 
Shadaksharswamy, 1997). 
Sprouting is carried out by soaking legumes and cereals, tying them in thin 
damp cloth and allowing to stand for 12-24 hours. Slow combustion in 
presence of oxygen results in formation of new cells which are seen as 
sprouts. 
1.3.4 COOKING MEDIA 
Cooking can be carried out in various media or no media at all. Air, water, 
steam and fat, or combinations of these are used as cooking media. 
Microwave heating involves generation of heat within the food; it is not a 
cooking medium. 
1.3.5 CHANGES IN COOKING 
When food is subjected to heat many changes occur; there is some 
destruction of protein, lipids and vitamins, which is detrimental to the 
nutritional value of food. However, there are also some beneficial changes. 
Cooking is required if we have to obtain the maximum nutritive value of some 
foods and maintain a safe and wholesome food supply. 
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1.3.5.1 Changes in nutrients 
1.3.5.1.1 Changes in proteins 
The principal effect of heat on protein is the denaturation. This results in the 
destruction of microorganisms and inactivation of microbial and natural 
enzymes within the food. Cooking also destroys the toxic proteins and 
peptides, enzyme inhibitors, antivitamins and other natural toxicants in food, 
which can seriously affect their nutritive value.  
Cooking can also result in the interaction of protein with nonprotein 
components of the food system; there can be interaction of protein with 
carbohydrate or lipid oxidation products. There can also be interprotein and 
intraprotein reactions in the presence or absence of oxygen. These changes 
in cooking result in nutritional unavailability of proteins. There is significant 
loss of lysine and other sulphur-containing amino acid cysteine after heating 
proteins. On prolonged heating, tryptophan, methionine and basic amino 
acids are also lost.  
Interaction between the free amino groups of proteins with reducing sugars or 
carbonyl groups formed by lipid oxidation results in nonenzymatic browning 
(Maillard browning). This reaction is of importance because it is responsible 
for many of the specific tastes, aromas and colour of foods. In this reaction, 
the alpha-amino group of the essential amino acid lysine reacts with carbonyl 
groups of sugar and fatty-acid oxidation compounds, which results in 
decrease in the nutritive value of proteins. 
 Properties of proteins 
Proteins can be hydrolyzed with acid, alkali or enzymes. Hydrolysis with 
acid and alkali results in loss of several amino acids. 
The ordered three-dimensional structure of proteins is very delicate. It is 
subject to alterations by mild agents without any breaking of peptide 
bonds. The loss of native conformation brings about changes in specific 
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properties characterizing the identity of proteins and this is known as 
“denaturation”. 
Denaturation is usually reversible if drastic methods of denaturation are 
not used and if the molecular weight of the native protein is very large. 
However, reversible denaturation (renaturation) is also observed in some 
smaller proteins when milder methods of denaturation are used. Heat is 
the most important physical agent. For every 10 C rise in temperature 
the increase in denaturation rate is 600-fold. The effect of denaturation 
can be reduced by working at a reduced temperature. The rate of heat 
denaturation is affected by the water content of the protein, ionic 
strength, pH, and types of ions present in the solution. Stirring, shaking, 
high pressure, and ultraviolet radiations bring about protein denaturation. 
1.3.5.1.2 Changes in carbohydrates 
Monosaccharides, oligo- and polysaccharides undergo many transformations 
when cooked in an aqueous medium. The sugars are subjected to 
degradation and epimerization and, of over 100 compounds that are formed 
by such transformations. 
Starch molecules which are the main source of calories in many diets, when 
heated in an aqueous or moist environment, swell and rupture, and this 
permits greater enzymatic digestion by enzymes like amylases. Cooking thus 
increases the digestibility of carbohydrates. Starch when subjected to dry 
heat at a temperature of 200ºC or higher, breaks down resulting in the 
formation of dextrin and volatile compounds like furfural and hydroxymethyl 
furfural. 
1.3.5.1.3 Changes in lipids 
Lipids undergo hydrolytic, oxidative, polymeric or other degradative changes 
which modify not only the physical properties of the lipid but also their 
biological properties when heated. The hydrolytic and oxidative changes 
result in rancidity. Hydrolytic rancidity is catalysed in food at high temperature 
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and pressure in an aqueous medium in the presence of acids, alkalies and 
lipolytic enzymes (lipases). Hydrolytic rancidity by itself does not bring about 
any significant change in the nutritive value of the food. However, the 
objectionable flavour imparted by free fatty acids lowers the consumption of 
food. 
Thermal effects bring about physical and chemical changes also. In sautéing 
and shallow fat frying, the quantity of oil used is small, cooking time is short 
and there is generally no reuse of fat or oil and thus there is little concern over 
the nutritional effects of lipids absorbed from such cooking.  
1.3.5.1.4 Changes in vitamins and minerals 
These are lost primarily by leaching, oxidation of the water-soluble nutrients 
and thermal destruction. The loss of water-soluble vitamins ranges from 0 to 
60 percent as a result of leaching and thermal destruction. Minerals are also 
lost on account of leaching and their losses are smaller, up to 0 to 35 per 
cent. 
 Vitamin A is fairly stable to heat, but prolonged heating in contact with air 
destroys it. It is easily destroyed by oxidation and ultraviolet light. Fats 
and oils lose their vitamin content by oxidation as they become rancid. 
Antioxidants prevent the loss of vitamin A by oxidation. Frying and 
roasting cause 40-60 percent loss of vitamin A and carotene. 
 B – complex vitamins are destroyed during cooking if food is cooked at 
high temperature, and also by addition of baking soda, or when cooking 
liquor is thrown away. Thiamine and riboflavin losses are more than that 
of niacin on heating.                                                                                                    
Temperature is an important factor in thiamine stability. In acidic pH, the 
vitamin is heat stable, but the coenzyme form of the vitamin is more 
sensitive to pH than thiamine. Starch and/or the protein components of 
cereal products exert a protective action against the destruction of the 
vitamin in some pH ranges. Thiamine is also destroyed by oxidation and 
reduction. Thiamine is one of the least stable vitamins.                           
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Owing to heat stability and limited water solubility, very little of the 
riboflavin is lost during cooking and processing of food. Baking soda 
used for faster cooking destroys much of the riboflavin content of the 
food. On exposure to light, riboflavin readily loses its vitamin activity.                                                  
Niacin is one of the stablest vitamins, being relatively resistant to heat, 
light, acids and alkalis. Its loss from foods occurs via trimming, leaching 
etc., with parallel loss of other water-soluble vitamins. 
 Ascorbic acid is the most unstable of all known vitamins. In solution it 
easily gets oxidized, especially on exposure to heat. Since ascorbic acid 
is soluble in water and easily oxidised it is susceptible to loss during 
cooking and processing of food. It is readily lost via leaching from cut or 
bruised surface of food. Prolonged cooking at high temperature and 
undue exposure to oxygen, copper and iron result in loss of the vitamin.  
Table 2: Stability of nutrients 
Nutrient Neutral 
pH 7 
Acid  
<pH 7 
Alkaline 
>pH 7 
Air/ or 
oxygen 
Light Heat Cooking 
losses(%) 
Vitamins        
Vit. A S U S U U U 0-40  
Vit. C U S U U U U 0-100 
Carotenes S U S U U U 0-30 
EFA S S U U U S 0-10 
Niacin S S S S S S 0-75 
Riboflavin S S U U U U 0-75 
Thiamine U S U U S U 0-80 
EAA        
Isoleucine S S S S S S 0-10 
Leucine S S S S S S 0-10 
Lysine S S S S S U 0-40 
Methionine S S S S S S 0-10 
Phenylalanine S S S S S S 0-5 
Threonine S U U S S S 0-20 
Tryptophan S U S S U S 0-15 
Valine S S S S S S 0-10 
Minerals S S S S S S 0-3 
    S – Stable U _ Unstable                                                        Source - Potter N., 1996                                 
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1.3.5.2 Effect on colour 
Colour factors in foods, such as anthocyanins, carotenoids, chlorophylls, 
myoglobin, etc. are affected by heat. In addition to heat, the acidity or 
alkalinity of the cooking medium, oxygen and presence or absence of metals, 
also contribute to colour changes when heated. In some cases, the colour 
changes that take place in foods on cooking are desirable, as in baking, while 
in some other cases, the changes may be undesirable, as in the prolonged 
cooking of cabbage. 
The effect of cooking on the colour and texture of food is as important as its 
influence on flavour. When the goal is to maintain a certain colour, the 
methods of cookery used must be those most conserving of the natural colour 
of the food. The retention of colour in cooked vegetables is the most difficult 
of problems in cookery. 
1.3.5.3 Effect on flavour 
To maintain the natural flavour of the food or to improve it, the cooking 
process used should be as short as possible and few, if any, flavouring 
materials should be added. For example, fresh young vegetables should be 
cooked for a short time in a small amount of boiling water or cooked for a 
minimum amount of time in a pressurized saucepan. 
Different cooking methods result in different flavour. For example, roasting 
develops a different flavour from that resulting from long cooking in moisture. 
Food cooked too long loses its flavour and may become soggy or stringy. 
One of the reasons for the loss of flavour is that the volatile substances 
contained in food may be changed to less desirable compounds through 
prolonged cooking. 
1.3.5.4 Effect on texture 
Often the goal in cookery is to maintain the natural texture of the food, but the 
action of heat does not change texture somewhat. Most of the foods undergo 
softening as a result of cooking. 
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1.3.5.5 Effect on organisms 
Cooking food destroys organisms and materials that may cause food borne 
diseases. It is a fact that harmful organisms in food can be destroyed by heat. 
Most cooking methods produce an interior temperature in foods of 140-185 F 
(60-85 C). Some baked products may reach a temperature close to 212 F 
(100 C) (Peckham and Freeland, 1979). 
1.3.6 METHODS OF HEAT TRANSFER 
Heat may be transferred to the food by conduction, convection, radiation or by 
the energy of microwaves (electronic heat transfer). Conduction is the method 
of transfer of heat by contact. Convection is the transfer of heat as a result of 
the flow of liquid or gas travelling from the hotter to a less hot part of an oven 
or saucepan. Radiation is the emission of heat in the form of waves from hot 
objects. Microwaves are a form of electromagnetic radiations similar to radio, 
TV, radar, light and infrared waves. 
1.4 MICROWAVE COOKING 
Microwave cooking, which was first recognized as valuable for cooking food 
in 1947, is becoming more and more popular because it is a convenient and 
very quick method of cooking food. Microwaves do not require any medium 
for transfer of heat in cooking. They are generated by an electric instrument 
called magnetron. Microwaves have a high frequency of 2450 megacycles (or 
2450 million times) per second. The microwaves can be absorbed, 
transmitted or reflected when they impinge on substances. They pass through 
paper, china, glass and some plastics without absorption, and are reflected by 
metals and absorbed by food.  
Microwaves are absorbed and penetrate the food. The energy of these 
electromagnetic radiations excite the water molecules in food which bear a 
positive electrical charge in one position and negative charge at another 
position of the dipole molecule. When the electric field of the microwave 
interacts with the dipole, the water molecules begin to vibrate very rapidly in 
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food. This vibration produces friction that creates heat within the food, thereby 
cooking it. The excitation of water molecules occurs from heating by 
convection methods which transmit heat from the edges of the food to the 
center. Heating of food beyond the depth of penetration of the microwaves 
occurs as a result of the conduction and/or convection of the heat created by 
microwave.  
Fig. 1: Microwave oven 
 
Microwaves penetrate food to a depth of 2.5 to 7.5 cm. Up to this limit of 
penetration of the microwaves, the food gets heated and cooked. Thus, food 
will heat up inside and outside at the same time. When the thickness of food 
is large, microwaves will heat it up throughout at the same time to the depth 
of their penetration and the portion of food beyond it will be heated more 
slowly by conduction. 
Microwave cooking is faster than cooking by conventional methods. The 
flavour and texture of prepared food do not change when reheated by 
microwaves. In addition to the advantage of waterless cooking, there is a 
minimum of nutrient loss by leaching into cooking water. The water soluble B 
and C vitamins as well as minerals will be better retained. 
Due to the short period of cooking, the food does not become brown on the 
surface. Baked products without a brown surface do not have appeal. To 
overcome the problem created by lack of browning a microwave oven is 
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combined with a browning unit. Microwave cooking cannot be employed for 
simmering or stewing for tenderizing foods, as also for deep-fat frying. Also, 
the short cooking time may not give a chance for the blending of various 
flavours as in the conventional methods of cooking.  
All microwave ovens have hot and cold spots because of the pattern of the 
microwaves (circular). Ovens with turntable would aid in even distribution of 
energy.  
1.5 SOLAR COOKING 
Solar cooking is an innovative method of cooking wherein sun’s energy- an 
alternative energy form which is plenty, renewable, zero private cost and 
freely available - cooks and transforms raw food into edible form at low 
temperatures. Solar drying to preserve food items like spices, vegetables, 
meat, rice, fish and so on, is practiced for centuries. 
Fig. 2: Solar cooker 
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Solar cooking is a slow process allowing chemical reactions in food to be 
completed while developing and enhancing natural flavour, aroma and 
sweetness in foods. Cooking at low temperatures prevents carbonization of 
food fibres and vitamins. It keeps intact the dietary fibre, essential for a 
healthy digestive system. Solar cooking requires a little oil and is a sure 
means of controlling fat intake.  
The temperature in the space inside the box type domestic solar cooker rises 
up to 140 C, which is adequate for cooking. The trapped heat energy is 
transferred to food in the containers and the food gets cooked (Rachel G, 
2001). 
1.6 SENSORY EVALUATION 
Quality is the ultimate criterion of the desirability of any food product. Food 
quality can be evaluated by sensory and objective methods. 
When the quality of a food product is assessed by means of human sensory 
organs, the evaluation is said to be sensory or subjective or organoleptic or 
psychometric. Every time food is eaten a judgment is made (Srilakshmi, 
1996). 
Sensory analysis of food relies upon evaluation through the use of our senses 
(odour, taste, tactile, temperature, etc.). Only by applying exact scientific 
testing methods can reproducible results be obtained and analysed 
statistically. 
Scientific methods of sensory analysis of foods are becoming increasingly 
important in assessing the acceptability of food products (Jellinek G, 1985). 
Sensory quality is a combination of different senses of perception coming into 
play in choosing and eating a food. Appearance, flavour and mouth feel 
decide the acceptance of the food. 
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1.6.1 IMPORTANCE OF SENSORY EVALUATION 
Even though sophisticated and highly sensitive measuring instruments such 
as gas chromatography, mass spectrometers, nuclear magnetic resonance 
spectrometers, IR and UV spectrophotometers, etc., are now available, the 
importance of sensory analysis has grown rather than diminished. Most 
instrumental analysis have come to realize that only through the coordination 
of instrumental and sensory analysis can optimal information be obtained. 
Even at the limit of the instrumental sensitivity, e.g. where no signal appears, 
our “biological detector” (our senses) may still perceive an odour, taste, etc. 
Additionally, the instruments will only analyse single components, whereas 
our senses give us a total impression of aroma, taste, temperature and tactile 
components (Jellinek G, 1985). 
1.6.2 SENSORY CHARACTERISTICS OF FOODS 
1.6.2.1 Appearance 
Surface characteristics of food products contribute to the appearance. 
Scrambled egg with a very dry surface is not acceptable. Interior appearance 
can also be evaluated. Lumps in a pudding or gravy which are not desirable 
can be judged by the eyes. 
Sight plays a role in the assessment of the lightness of foods like the bread, 
cakes and idli. Completeness of cooking can be judged by appearance of 
products like meat and rice. 
1.6.2.2 Colour 
In addition to giving pleasure, the colour of food is associated with other 
attributes. Ripeness of fruits like banana, tomato, mango, guava, papaya and 
plum can be assessed by the colour. 
Colour is used as an index to the quality of a number of foods. The strength of 
coffee and tea is judged in part by the colour of the beverages. Toast, dosa, 
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and chapatti which are too brown are likely to be rejected in anticipation of 
scorched bitter taste. 
1.6.2.3 Flavour 
The flavour of food has three components- odour, taste and a composite of 
sensation known as mouth feel. 
Odour: The odour of food contributes immeasurably to the pleasure of eating. 
A substance which produces odour must be volatile and the molecules of the 
substance must come in contact with the receptors in the epithelium of the 
olfactory organ.  
The volatility of aromas is related to the temperature of the food. High 
temperatures tend to volatilize aromatic compounds, making them quite 
apparent for judging; cool or cold temperatures inhibit volatilization. 
Taste: We value food for its taste. Taste sensation which the taste buds 
register are categorized as sweet, salt, sour or bitter.  
The pleasant sensations in eating come more from odour than from taste. 
1.6.2.4 Psychological factors 
In addition to colour, odour, taste and mouth feel certain psychological factors 
contribute to the acceptability of foods. Food is accepted when there is 
pleasant association (Pal et al., 1995). 
It has long been recognized that enjoyment of food is essential for good 
health. Enjoyment would mean choice, and acceptance, and not always 
nutrition, and wholesomeness (Solms and Hall, 1981). 
1.6.3 ORGANIZING A SENSORY EVALUATION 
For organizing a sensory evaluation, in most cases, a facility is ideally 
described as a quiet area free from distraction, with controlled lighting, 
partitions between subjects to minimize visual contact, neutral colours for 
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walls, and odour-free surroundings (Stone and Sidel, 1993; Bennet et al., 
1956). 
The amount of the sample for one judging session vary from product to 
product (Amerine et al., 1965). Kefford and Christie (1960) recommended 
limiting the number of samples per session to three to eight, depending on the 
intensity of the flavour, and judging capacity. 
The samples should be served at temperatures at which they are normally 
eaten (Laue et al., 1954; Larmond, 1977). The temperature used should be 
optimum for detecting differences that are under study (Amerine et al., 1965). 
All samples should be presented in containers of same size, shape and 
colour. White containers are preferred so that the colour of the food will show 
clearly. Containers should be made of a material that does not affect the 
flavour. 
Trained panel should be used to establish the intensity of a sensory character 
or overall quality of food. The trained panels should be small in number, 
varying from 5 to 10. A small highly trained panel will give more reliable 
results than a large untrained panel. 
1.6.4 HEDONIC RATING TEST 
Hedonic rating relates to pleasurable or unpleasurable experiences. The 
hedonic rating test is used to measure the consumer acceptability of food 
products. From one to four samples are served to the panelist at one session. 
He/she is asked to rate the acceptability of the product on a scale, usually of 
9 points, ranging from like extremely to dislike extremely. Scales with different 
ranges and other experience phrases could also be used.  
1.7 OBJECTIVES OF STUDY 
Survival of men depends on food. Most foods are cooked before they are 
consumed and cooking results in loss of several nutrients. Several attempts 
have been made in the past to determine the nutrient composition of different 
foods, but these were mainly for raw foodstuffs. A major constraint faced by 
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nutritionists in India for evaluating nutrient intakes of population and their 
nutritional status is that reference is generally made to food value tables in 
which the nutrient composition of only raw foodstuffs is available. While 
calculating the dietary intakes, the losses of several nutrients which occur 
during food processing and cooking cannot be accounted for. This may 
sometimes result in gross errors in estimates of actual dietary intakes and in 
interpreting the results of dietary surveys. It is vital that such data are 
available.  
Present day cooking is no longer restricted to conventional methods. Use of 
modern method like microwave cooking is gaining popularity due to the 
economy of time and energy consumed. Solar cooking is also being promoted 
in areas where sunlight is received for most of the time of the year, mainly to 
make the best use of solar energy which costs nothing. 
Little information has been available on the effect of various heat processing, 
namely conventional, microwave and solar on the availability of nutrients in 
food. In view of the above understanding of the problem, the present study 
was   undertaken with the following objectives: 
1. To compare the nutrient pattern of food before and after cooking by 
conventional methods of cooking, microwave cooking and solar cooking 
(individual and recipe). 
2. To compare the effects of different cooking methods viz., conventional, 
solar and microwave on sensory quality of food. 
3. To determine the effects of reheating on nutrient pattern, acceptability 
and palatability of cooked food (done on one sample – palak sabji). 
4. To study the effect of different cooking methods on bacterial load of the 
food. 
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CHAPTER 2 
 
REVIEW OF LITERATURE 
 
Carbohydrates, proteins, fats, vitamins, minerals and water, are the six major 
classifications of nutrients. Enzymes, colour pigments, antinutrient factors and 
flavour compounds are substances found in small but effective amounts. The 
constituents of food are involved in many of the changes that occur in foods. 
Researches have been done to study how foods react in cooking and several 
other treatments.  
 
2.1 STUDIES ON EFFECT OF PROCESSING ON PROTEIN AND  
        AMINO ACIDS   
  
Grewal and Hira (2001) reported their findings as stated. Wheat grains were 
processed into whole wheat flour, pearled wheat flour, refined flour, semolina 
and broken wheat. Common cooked products viz. chapatti, poori, halwa, 
bread and porridge  were prepared from the processed samples and analysed 
for total proteins, sulphur amino acids, lysine and tryptophan. Processing of 
wheat into different fractions resulted in significant losses in protein and amino 
acid contents. The losses were maximum in lysine and minimum in 
methionine contents. Cooking of various processed samples further resulted 
in amino acid destruction with maximum losses for lysine and tryptophan. 
Based on the amino acid score for lysine, whole wheat chapatti was 
nutritionally better, followed by porridge and bread. Lowest value for lysine 
was found in pearled wheat poori, which was closely followed by whole wheat 
poori and semolina halwa.  
 
Various treatments affect the nutritive value of the protein where temperature, 
duration of heat treatment and the presence or absence of moisture play an 
important role reported Devi and Geervani (1983).  
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Raw and roasted chickpea as well as peanut were analysed for proximate 
principles, methionine, available lysine and trypsin inhibitor activity by Hira et 
al. in 1995. The results indicated that roasting decreased available lysine, but 
did not affect methionine content.  
 
Kapoor and Gupta (1977) showed that methionine content of roasted soy 
protein concentrate was not affected, while slight decrease in methionine on 
roasting of faba beans was reported by Rani and Hira (1993). Losses of 
available lysine during heat treatments in chickpea, and peanut were also 
reported by Rama Rao (1974), and of faba beans by Rani and Hira (1993).  
 
Parboiled rice was found to have higher protein and low free amino acids as 
compared to non-parboiled rice (Singh et al. 1999). However, Rao and Juliano 
(1970) found slightly lower range of protein in parboiled rice as compared to 
raw brown rice.  
 
The nutritive value of protein in regular and fortified breads was significantly 
affected by methods of baking as studied by Tsen et al. in 1976. Lysine and 
other amino acids varied little among conventionally baked, microwave baked, 
and steamed breads. The significantly low Protein Efficiency Ratio of 
conventionally baked bread indicated that lysine became less available 
nutritionally with conventional baking than with either microwave baking or 
steaming.  
 
Several investigators, notably Jansen and Ehle (1965), Hutchinson et 
al.(1964), Erickson et al. (1961),Rosenberg et al. (1954), Sure (1952) have 
shown that lysine is the limiting amino acid and that lysine loses nutritive 
value during the baking process. However, little information had been 
available on the effect of various heating processes (conventional baking, 
microwave baking and steaming) on the availability of lysine in bread. Heating 
has been reported to reduce the nutritive value of essential amino acids in a 
protein through racemization (Hayase et al., 1975) and chemical 
decomposition (Osner and Johnson, 1974). Furthermore, lysinoalanine was 
found to form in proteins with or without alkali treatment during heating 
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(Woodard and Short, 1973; Sternberg et al., 1975) and it could reduce protein 
digestibility and net protein utilization (Slump and De-Groot, 1969). All 
researchers indicated that besides crust and crumb, other changes during the 
heat process could also lower the bread‟s nutritive value. Such changes, like 
browning would be more severe with conventional baking at 218 C than with 
steaming at 100 C. This may also be a factor responsible for the superiority of 
steaming or microwave baking over conventional baking in preserving the 
nutritive value of bread. However, other amino acids including arginine, 
histidine, tyrosine, tryptophan and methionine could also become nutritionally 
unavailable during conventional baking. The early work of Lea and Hanan 
(1950) showed that the destruction or combination of such amino acid 
residues with sugars took place in the reaction between glucose and casein.  
 
Nath et al. (1996) reported an apparent increase in protein contents of the 
cooked chicken patties made in hot air oven and microwave oven, and Keetan 
(1983) attributed this to loss of moisture from the product.  
 
Igbedioh et al. (1995) in their research studied the effects of processing, such 
as dehulling, sprouting, soaking, cooking, roasting, and autoclaving in pigeon 
pea and climbing bean cultivated in Nigeria and showed that sprouting of the 
legume seeds increased the protein content whereas heat treatment resulted 
in reduction in protein content. The reason for this observed reduction in 
protein content in the roasted legumes is difficult to explain. However, Cheftel 
(1979) reported that roasting of proteins resulted in destruction of amino acids 
such as methionine, lysine and cysteine. These are broken down into 
fractions of various molecular weights. In addition severe heating of moist 
foods with low carbohydrate content may cause a marked destruction of 
cysteine, together with a decrease in the availability of many amino acids 
reported Evans and Butts (1949). This process is known as desulphurization. 
The slight increase in the protein content, on sprouting of pigeon pea and 
climbing bean might be due to the synthesis of new proteins said King and 
Puwastein (1987). Autoclaving at 121 C for 15 min decreased the protein 
contents of pigeon pea, and climbing bean, the values being similar to those 
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in roasted seeds at 160 C for 15-45 min, since the two processes involved 
application of high temperature. 
 
Sood et al. (2002) studied the effect of processing such as steaming, pressure 
cooking, solar cooking and parching on the proximate composition of 
chickpea varieties. It was observed that protein, fat and ash content 
decreased on various heat treatments, while carbohydrates and fibre 
increased. Effect of cooking on protein content of two varieties of chickpea is 
presented in Table 3. 
 
Table 3: Effect of Cooking on Protein Content (g/100 g on dry basis) of 
Chickpea Varieties 
Treatment Variety I Variety II 
Raw 31.50 23.00 
Steaming 26.51 23.69 
Pressure cooking 28.29 20.49 
Solar cooked 27.88 19.86 
Parched 25.51 21.28 
 
A decrease in protein in field pea, moth bean and pigeon pea content after 
cooking was reported by Khalil et al. (1986). 
 
Protein content was found to increase with germination of soybean, while 
roasting of soybean slightly decreased the protein content. Free amino acids 
content decreased with different treatments reported Dogra et al. (2001).  
 
There were contradictory reports on the changes in the protein contents of 
wheat and other cereals on germination (Chavan and Kadam, 1989), and this 
trend was attributed to the differences in the conditions of germination and 
varietal variations.` 
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Mehta et al. (2007) also reported of increase in protein, riboflavin, vitamin C 
and niacin content in pulses on germination, while heat treatment decreased 
the protein and water soluble vitamin content of germinated pulses. 
 
A study by Singh (2001) supported the findings of several other workers. As 
indicated by the study, the solubility of most legume proteins was markedly 
and irreversibly reduced, when severe heat treatment was applied. Heat 
caused progressive insolubility of proteins in soybean meal (Victor and Inglett, 
1974). It was further reported that both heat and moisture caused 
denaturations of protein as a result of which considerable changes in the 
physico-chemical and functional properties occurred. Boiling of legumes for 
sometime before flour preparation caused protein denaturation and thus a 
drastic decrease in solubility was observed (Prinyawiwatkul et al., 1997). The 
nitrogen solubilities and emulsifying properties of heated soy and peanut 
flours were reduced and the reduction increased as the heating time was 
increased (McWatters and Holmes, 1979).  
 
In a study on cooking quality of pulses, Singh (1999) wrote that although it 
depended on the method of cooking, protein quality of pulses was improved 
more by moist heat than by dry heat treatment. Available lysine was less in 
roasted pulses as compared to boiled and pressure-cooked ones (Geervani 
and Theophilus, 1980). Heat treatment caused considerable nutritional 
damage to methionine, the most important amino acid in legumes (Shemer 
and Perkins 1975). Roasting pulse seeds at 100-110 C for 5 min and 
autoclaving for 20 min were observed to give comparable protein quality 
indices (Geervani and Theophilus, 1980). 
 
A study by Sing and Chauhan (1989) indicated that water soluble nitrogen 
(WSN) in two varieties of noodles prepared from the blends of durum 
semolina and aestivum flour with defatted soy flour, and from aestivum 
semolina-defatted soy flour blend decreased considerably after cooking, 
whereas lysine content remained almost unaffected. The decrease in WSN 
was considered to be more due to thermal effect than leaching.  
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Effect of processing treatments viz., grinding, soaking, debranning, dry heat 
and germination on the nutritional quality of pearl millet was assessed by 
Sharma and Kapoor (1997). Autoclaving increased the non-protein content, 
thus reducing the true protein. On autoclaving, the changes were observed in 
debranned grains only.  
 
Reduction in protein on milling and soaking had been observed in pearl millet 
by earlier works of Agarwal (1992) and Chowdhury (1993). 
 
In a study by Akubor (2004) flours were prepared from toasted, germinated 
and fermented melon seeds and evaluated for proximate composition and 
functional properties. Fermentation and toasting slightly improved the protein 
content of melon seeds. The increase was not real but due to loss of moisture 
(concentration effect). A loss of one component of a food might lead to an 
increase in another.  
 
Toasting increased the in vitro protein digestibility of chickpea, pigeon pea 
and mungbean (Chitra et al. 1996). 
 
Kishk is a product made with blend of cereal (wheat) and fermented milk 
(curd). It is a typical native food of Egypt and most of the Arab world. Analysis 
of amino acid profile of oven dried and sun dried kishk showed that contents 
of threonine, methionine, serine, alanine, histidine and arginine were slightly 
higher in oven dried kishk, while the contents of cysteine, aspartic acid, 
glutamic acid, proline, glycine, valine, isoleucine, leucine, tyrosine, 
phenylalanine and lysine were slightly higher in sun dried kishk (Prajapati et 
al. 2005). 
 
Mothbean wada were prepared from fermented batter of moth bean flour. 
Raw material, fermented batter, fermented cooked product and fermented 
cooked dried products were analysed for total nitrogen, thiamine and 
riboflavin by Shah and Sail (2005). Total nitrogen increased on fermentation, 
but decreased on cooking. Increase on fermentation as also reported by Word 
et. al. (1973) and Zamora and Field (1979) might be due to bacterial synthesis 
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inferred Shah (1999). Decrease on cooking may be due to the loss of 
albumin, globulin and prolamin (Mitra and Suryanarayana 1978). Five minute 
heat treatment at the temperature between 40 and 100 C leads to 4% loss of 
soluble protein stated Pathak et al. (1978).  
 
Dahal et al. (2003) in their study on masyaura, a partially fermented legume-
based savoury prepared from blackgram dhal and colocasia tuber by 
traditional sun-drying and an alternative cabinet drying method evaluated the 
product for their biochemical and microbiological changes during the 
preparation. The results showed that soluble protein, amino nitrogen and non-
protein nitrogen increased significantly. The in vitro digestibility of protein was 
better in sun dried product. However, the essential amino acid profile did not 
show any significant change.  
 
In a study by Dike et al. (2003) soybean (Glycine max L Merr) was processed 
in the laboratory to give a moist fermented product, soyadawadawa. Total 
amino acid content rose from 22 to 554 mg glysine equivalent. The increase 
in amino acids with fermentation time is especially important as this would 
increase digestibility and absorption of the amino acids. Amino acids and their 
salts are also important flavour enhancers stated Dike and Odunfa (2003). 
Fermentation as a method of food processing gives the food longer keeping 
qualities, develops flavours and decreases antinutritional factors in foods. In 
addition, it enhances the nutritional value of food (Odunfa 1985).  
 
Soni and Sandhu (1990) studied biochemical and nutritional changes 
associated with Indian Punjabi warri, a fermented product from black gram. 
The values of non-protein nitrogen, soluble nitrogen and free amino acids 
were higher while pH was significantly lower in the fermented samples than in 
unfermented black grams. Free amino acids exhibited a greater rise, four to 
five times its amount in the unfermented counterpart.  
 
Six cultivars of desi chickpea were analysed by Saxena et al. (2003) for 
nutritional and antinutritional constituents as affected by soaking of seeds in 
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water/salt solution followed by pressure cooking in autoclave. Soaking in 
distilled water and sodium chloride/sodium bicarbonate solutions decreased 
protein, methionine and tryptophan contents. However, the effect was most 
pronounced in salt solution. Srivastava et al. (1988) also observed a decrease 
in tryptophan and methionine content in chickpea on soaking in salt solutions, 
when the soaked solution was discarded. There was significant decrease in 
protein, methionine and tryptophan contents in autoclaved samples which 
could be due to breakdown of proteins into peptides and other lower 
molecular weight units. Jood et al. (1987) reported similar effect of autoclaving 
chickpea cultivars presoaked in sodium carbonate solution on methionine and 
tryptophan. Soaking decreased protein content. This might be due to leaching 
of water soluble proteins into soaked water.  
 
Garcia et al. (2004) studied the modifications in nutrient composition, amino 
acid content and protein quality of white tuna (Thunnus alalunga) preserves 
after different thermal treatments involved in the canning process. The 
sterilization process led to a significant increase in the lipid content of canned 
and cooked tuna and to decrease in protein and moisture contents. Amino 
acid composition did not show significant changes compared to raw tuna. The 
results would lead one to believe that, in the present case, the time and 
temperature conditions used in processing were not drastic enough to 
produce great variation in any amino acids.  
 
The changes in dry matter, nutrient composition and in vitro protein and starch 
digestibilities were studied during malting of grain sorghum by Bhisi et al. 
(1988). The steeping of grains in water for 10 to 30 hr and germination at 
30 C upto 72 hr significantly decreased the dry weight while significantly 
increased the water soluble proteins and free amino acids in malted meal. An 
increase in soluble proteins and free amino acids was attributed to the partial 
hydrolysis of storage proteins by endogenous proteases produced during 
malting (Wu and Wall, 1980).   
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In a study by Thakur and Putturaj (1995) on effect of processing on the 
functional properties of cowpea, it was indicated that puffing of cowpea flour 
resulted in increase in protein, moisture and fat, while decrease in the 
contents of carbohydrates and total ash. 
 
Suhasini and Malleshi (1995) reported that there was no appreciable change 
in protein content on malting of wheat though the malt protein contained 
slightly higher proportion of lysine.  
 
Dehydration of four green leafy vegetables viz., keerai, mulla keerai, paruppu 
keerai and drumstick leaves was carried out by sun drying, shade drying and 
cabinet drying. The method of drying did not alter the protein content of the 
samples as reported by Kowsalya and Vidhya, 2004.  
 
Salinization with 60 mM NaCl of cow pea plants as studied by Bakr et al. 
(1992) decreased available lysine content of raw cow pea seeds by 4.9% 
against control. This could be related to the fact that salinity disturbed protein 
synthesis. The highest loss in the nutritive value was found in seeds cooked in 
2% NaCl solution without pre-soaking, which could be attributed to the longer 
cooking time and consequent destruction of some amino acids and vitamins.  
 
Dehulling of pulses resulted in a decrease in their protein content (Singh et al. 
1992, Bhama and Sadana, 2004). Cooking increased in vitro protein 
digestibility. During fermentation there might be either lowering or elimination 
of antinutritional factors such as trypsin inhibitors or protease activity, which 
might lead to improved protein digestibility.  
 
Sud and Pannu (1992) studied the protein and amino acid composition of 
groundnut, mustard, taramira and toria oilcakes. They observed that the 
essential amino acid pattern of toria and tarmira oil cakes was equally good 
as compared to groundnut and mustard oil cakes.   
 
Peckham (1979) stated that heat might affect the biological value of protein. 
The browning reaction might destroy the usefulness of certain amino acids.  
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2.2 STUDIES  ON  EFFECT OF  PROCESSING  ON  CARBOHY- 
       DRATES 
 
Sood et al. (2002) studied the effect of processing such as steaming, pressure 
cooking, solar cooking and parching on the proximate composition of 
chickpea varieties. It was observed that protein, fat and ash content 
decreased on various heat treatments, while carbohydrates and fibre 
increased. Effect of cooking on carbohydrate content of two varieties of 
chickpea is presented in the table below- 
 
Table 4: Effect of Cooking on Carbohydrate Content (g/100g on dry 
basis) of Chickpea Varieties 
Treatment Variety I Variety II 
Raw 52.00 65.35 
Steaming 60.31 64.91 
Pressure cooking 57.36 69.68 
Solar cooked 57.66 70.26 
Parched 61.33 69.03 
 
Akubor (2004) reported that toasting decreased carbohydrate content of 
melon seeds. The carbohydrate content of melon seeds increased with the 
fermentation time.  
 
Dogra et al. (2001) reported that roasting of soybean slightly decreased total 
carbohydrates and starch contents.  
 
Bhisi et al. (1988) reported the changes in dry matter, nutrient composition 
and in vitro starch digestibility during malting of grain sorghum. The steeping 
of grains in water for 10 to 30 hr and germination at 30 C upto 72 hr 
significantly decreased the dry weight and starch while significantly increased 
the reducing sugars in malted meal. The decrease in starch and an increase 
in sugars during malting could be attributed to starch hydrolysis by 
endogenous amylases stated Pathirana et al. (1983). 
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Suhasini and Malleshi (1995) observed that starch content decreased on 
germination of wheat. A gradual decrease in starch content on germination of 
wheat was reported also by Ibrahim and D‟Appolonia (1979).  
 
Sharma and Kapoor (1997) in their study observed that autoclaving of the 
treated samples (grinding, soaking, debranning and germination) of pearl 
millet caused a decrease in starch content and the lowest amount was 
observed in germinated autoclaved samples. Reduction of starch content 
caused by soaking and germination might be due to activation of amylase 
during these treatments, resulting in the hydrolysis of starch. Also during 
autoclaving, there was starch breakdown.  
 
Studies conducted by Machewad et al. (2003) on the chemical characteristics 
of carrots indicated greater leaching losses in reducing sugars and total 
sugars during pre-treatments such as peeling, blanching and sulphitation.  
 
Fully ripe, peeled bananas were blanched in domestic microwave oven for 3 
min and water bath at 100 C for 8 min separately and blended.  Banana 
puree prepared from the microwave blanched banana fruit had high total 
sugars compared to banana puree prepared from the water bath blanched 
banana fruits, reported Premkumar and Khurdiya (2002). 
 
Bhama et al. (2004) studied that starch digestibility significantly increased in 
cooked samples prepared from bengal gram dhal and flour (open pan cooked 
dhal, fried dhal, wara, halwa, burfi, pakories and dhokla) when compared to 
their raw counterparts. The enhancement of carbohydrate digestibility in 
cooked legumes was attributed to the swelling and rupturing of starch 
granules by Jyothi and Reddy (1980). In Bengal gram dhal products maximum 
increase was observed in fermented wara followed by open pan cooked dhal. 
During processing, phytic acid was reduced due to heat treatment, which 
resulted in increased starch digestibility of the processed products. 
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Sing and Chauhan (1989) reported decrease in the content of reducing 
sugars in noodles prepared from aestivum-defatted soy flour blend. The main 
reason for this decrease might be the leaching of sugars into cooked water.  
  
2.3 STUDIES ON EFFECT OF PROCESSING ON FAT 
 
Sood et al. (2002) studied the effect of processing such as steaming, pressure 
cooking, solar cooking and parching on the proximate composition of 
chickpea varieties. Effect of cooking on fat content of two varieties of chickpea 
is presented in table below- 
 
Table 5: Effect of Cooking on Fat Content (g/100g on dry basis) of 
Chickpea Varieties 
Treatment Variety I Variety II 
Raw 8.82 5.37 
Steaming 5.99 5.09 
Pressure cooking 7.42 4.02 
Solar cooked 7.37 3.97 
Parched 6.10 3.68 
 
Thus fat content was found to decrease after all treatments. Khalil et al. 
(1986) reported a decrease in the fat content after cooking, showing that 
some portion of fat content was lost during cooking due to leaching.  
 
Fats/oils used for cooking undergo certain undesirable changes. Sebedio and 
Grandigiard (1989) reported that on cooking or frying, polyunsaturated fatty 
acids underwent transformations such as oxidation, polymerization and 
cyclization. Kotwal et al. (1993) showed increase in acid value and peroxide 
value of groundnut oil on heating. Heated oils are poorly absorbed and can 
produce tumours stated Artman (1963).  
 
The effect of household method of discontinuing batch type operations 
involving heating-storing-reheating process on the physico-chemical 
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characteristics of palmolein oil and the organoleptic acceptability of the food 
products with initial low and high moisture contents („Vadiams‟ and „Chips‟ 
respectively) were determined. There was a slight increase in free fatty acids 
(FFA). The products fried in heated-stored-reheated oil were highly 
acceptable even after third frying. The changes occurring in oils on the 
physico-chemical constituents due to reheating the same sample either 
continuously or intermittently, singly or in combination with one or more oils 
were studied extensively by Subbulakshmi et al. (1991). 
 
Dogra et al. (2001) reported that fat content was found to increase with 
germination of soybean. Heat treatment given to soaked and soaked and 
germinated samples increased the contents of the nutrients, while roasting of 
soybean slightly decreased fat content. Free fatty acids content decreased 
with different treatments viz. soaking, germination, heating and roasting done 
on soybean.  
 
Parboiled rice was found to have low free fatty acids as compared to non-
parboiled rice studied Singh et al. (1999). 
    
Germination of wheat resulted in a small decrease in the crude fat reported 
Suhasini and Malleshi (1995). The hydrolysis of fat by the lipases elaborated 
during sprouting of wheat would have caused a slight decrease in crude fat 
content said Drapron et al. (1969).  
 
Fermentation and germination significantly decreased fat of melon seeds. 
Similarly, toasting decreased fat observed Akubor (2004). 
 
 
Kaur et al. (1997) determined the acid value and peroxide value of desi ghee, 
vanaspati, sun flower, mustard and groundnut oils before and after making 
purees (Table 6).  
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Table 6: Acid Value of Different Oils/Fats (mg/g) Before and After 
Cooking 
Fats/oils Oils/fats 
employed 
Oils extracted 
from wheat 
flour products 
Oils extracted 
from bengal 
gram dhal 
products 
 Before frying Purees Boiled and 
sautéed dhal 
Sunflower oil 0.28 1.68 0.84 
Mustard oil 0.39 1.12 1.12 
Groundnut oil 0.95 1.40 1.12 
Vanaspati 0.28 1.70 1.12 
Desi ghee 0.56 1.24 1.12 
Fats and oils After frying Parantha Deep-fried dhal 
Sunflower oil 0.39 2.13 1.12 
Mustard oil 0.50 1.40 1.14 
Groundnut oil 1.40 1.68 1.40 
Vanaspati 1.51 2.17 1.60 
Desi ghee 1.79 1.78 1.60 
 
These values both for residual fats and extracted fats were within the 
acceptable range. The acid value of fats/oils employed ranged between 0.28-
0.95 mg/g. The acid value of all the fats increased after frying. All the values 
were within the acceptable range of 0.8-6.0 as reported by Weiss (1983). 
Similar results were reported by Kotwal et al. (1993), where the acid values of 
raw, heated and fried groundnut oil were 1.02, 7.04 and 5.72. Thus, the acid 
value of oil used for frying was lower than that of heated oil.  
 
2.4 STUDIES ON EFFECT OF PROCESSING ON VITAMINS 
 
Ndossi et al. (1991) reported that cooking the leaves of Launaea Cornuta, a 
wild leafy vegetable by steaming or boiling resulted in the loss of some 
minerals and vitamin C. During storage, the content of vitamin C decreased 
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along with the loss in moisture. Previous reports by Shreeramulu et al. (1983), 
Oser, Ajayi, Oderindo, and Osibanjo (1980) also indicated that cooking 
affected the water soluble vitamins. 
  
Tapadia et al.(1995) studied vitamin C content of four green leafy vegetables, 
as well as three non-leafy vegetables, after subjecting to different processing 
techniques, such as cutting, washing, washing after and before cutting and 
cooking with and without use of lid. Maximum vitamin C content was recorded 
in coriander leaves, followed by fenugreek leaves, spinach, ambat chukka, 
clusterbean, tinda and brinjal. Vitamin C content was significantly high in the 
vegetables processed without stalk, except for fenugreek leaves, which 
showed more vitamin C when used with stalk. Cooking without lid and 
washing after cutting showed significant losses of vitamin C.  
 
Various reports have shown that vitamin C is heat labile and is easily 
destroyed in the process of cooking. Kaur and Kochar (2005) carried out a 
study to determine the retention of vitamin C in cooked greens. Retention of 
vitamin C was found significantly maximum in preparations prepared by 
pressure cooking (turnip pulao), followed by shallow fat frying (cauliflower, 
radish, turnip and carrot parantha) and sautéing (radish, turnip and carrot 
bhurji). However, significantly lowest retention of vitamin C was found in those 
food preparations which were prepared by deep fat frying method (pakora, 
puri).  
 
The losses in ascorbic acid content of vegetable salads (cabbage, carrot, 
capsicum, onion, radish, tomato and beetroot) and cooked vegetables 
(cabbage, cucumber, drumstick, french beans, okra, potato and green 
plantain) as served in a University hostel in Mumbai  when held over a period 
of three and a half hours were determined by Mudambi et al. in 1981. Losses 
in ascorbic acid ranged from 9 to 53 percent in salads and from 8 to 59 
percent in cooked vegetables. The average ascorbic acid content of the 
vegetables per serving was 10.2 mg at the beginning and 6.5 mg at the end of 
the service.  
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Heller et al. (1943) reported that frozen lima beans retained greater amounts 
of ascorbic acid than frozen peas when cooked. Hermann (1975) found that 
cabbage and cauliflower retained much less ascorbic acid than kohlrabi, 
brussels sprouts, leeks or peppers when held at warm temperatures after 
cooking. Branion et al. (1948) showed that the loss in ascorbic acid was 72 
percent when cabbage was cooked by boiling to serve 100 persons whereas 
the loss was only 62 percent when it was boiled to provide only 4 servings. 
Cooking in either small quantities of water or subjecting them to pressure 
cooking resulted in greater retention of ascorbic acid in vegetables than when 
boiled in large quantities of water (Blaw et al. 1976; Somogyi, Sood and Bhat 
1974). Potatoes were found to lose 20 percent of ascorbic acid when baked in 
their skin, 23 percent when french fried and none when steamed (Kalin and 
Halliday, 1944).  
 
The effect of blanching and dehydration on seven green leafy vegetables was 
studied by Premavalli et al. (2001). Total chlorophylls got reduced during 
dehydration. The retention of carotenoids was found to be 60 to 70% in all the 
vegetables except honagone. The retention of vitamin C during blanching and 
dehydration was found to be from 32 to 97% and 28 to 74%, respectively. 
Vitamin A was retained to the tune of 36 to 94%.  
 
Nambiar et al. (2003) carried out analysis of total carotene, beta-carotene and 
ascorbic acid in different preparations namely channa, mung, poha and 
dhokla made by incorporating dried drumstick leaves. Their study revealed 
highest retention of nutrients in dhokla (steam cooked) (73.52%, 69.69%, 
87.89% respectively) and lowest in poha (sautéed) (49.39%, 54.25%, 68.55% 
respectively).  
 
In a study by Shirsat and Thomas (1998), the changes in reduced and total 
ascorbic acid contents in four potato cultivars after cooking by different 
methods were studied. Cooking of tubers in boiling water showed maximum 
loss in vitamin C content, whereas pressure and microwave cooking recorded 
least losses.  
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Dehydration of four green leafy vegetables viz., keerai, mulla keerai, paruppu 
keerai and drumstick leaves was carried out by sun drying, shade drying and 
cabinet drying by Kowsalya and Vidhya (2004). Vitamin C, thiamine and 
riboflavin content were affected more by drying processes. Sun dried samples 
showed less retention of total carotenoids and beta-carotene.  
 
The sun dried tomato products retained the lower ascorbic acid compared to 
oven dried products reported  Ojimelukwe (1994).  
 
In a study by Dhaliwal and Hira (2004) four different combinations of carrot 
juice with two levels each of spinach (4.5 and 9%) and pineapple juice (30 
and 40%) were prepared and stored for 6 months in glass bottles at room 
temperature (32-40 C). During pasteurization 7.0 - 11% ascorbic acid and 
14.18 - 24.56%  beta-carotene were lost, while storage for six months resulted 
in 80.00 - 88.75% losses in ascorbic acid and 52.02 - 61.41% losses in beta-
carotene contents.  
 
Raw, cooked and reheated beans, radish, yam and potato were analysed for 
their thiamine contents by Kala and Prakash (2003). Thiamine content of the 
raw vegetables ranged from 0.03 to 0.11 mg/100g fresh edible portion. 
Conventional as well as microwave cooking resulted in significant loss of 
thiamine in beans, radish and yam. Thiamine retention level ranged from 51 to 
69% in the cooked samples of beans, radish and yam; the extent of retention 
however, was highest in potato (77 to 82%). Comparison between two 
cooking methods revealed that microwave cooking resulted in about 3 to 9% 
greater retention. Samples stored and reheated after 24 hour showed the 
extent of retention to be greater than 73% in case of radish, potato and yam, 
and 50 - 60% in beans. After 48 h, a further loss of 0 to 7% occurred in all 
vegetables.  
 
Sharma and Lal (1998) indicated in their study that heating caused 
considerable losses of vitamin B1, B2 and folic acid in buffalo and cow‟s milks 
depending upon the severity of heat treatment. Riboflavin was relatively stable 
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to heat. Thiamine, pyridoxine and folic acid were found to be less stable to 
heat, the latter being the most heat labile. Losses of all the vitamins were 
relatively higher in cow‟s milk than in buffalo milk, except in case of folic acid 
where the reverse was the trend.  
 
Sharma and Lal (1999) reported that conversion of milk into khoa caused 
considerable losses of water-soluble vitamins. These losses were 23.61, 
14.46, 21.28, 33.06 and 35.15% for thiamine, riboflavin, vitamin B6, folic acid 
and vitamin C, respectively.  
 
How cooking in microwave ovens, used increasingly, affects some of the B-
complex vitamins had been studied by several workers as reported by Bowers 
et al. (1974), but results showed no consistent trend. Kylen et al. (1964) 
reported that beef roasts retained less thiamine when cooked by microwave 
than by conventional methods, but that pork roasts and beef and ham loaves 
retained similar amounts by either method. Noble and Gomez (1962) found no 
significant difference in thiamine and riboflavin retention in lamb roasts 
cooked conventionally and those cooked by microwaves. Wing and Alexander 
(1972) reported significantly greater retention of vitamin B6 in chicken breasts 
heated for 1.5 min in a microwave oven than for those heated 45 min in 
conventional oven.  
 
Soni and Sandhu (1990) reported that water soluble B-vitamins including 
thiamine, riboflavin and cyanocobalamin increased significantly, while 
ascorbic acid indicated a slight increase with the progress in conventional 
warri dough fermentation. These changes were probably the result of 
microbial activities in the dough involving the production of acid and gas from 
various carbohydrates (Sandhu and Soni, 1989) thus accounting for the rise in 
total acid levels and volume during fermentation. The rise in various vitamin 
levels, especially B-vitamins, during fermentation appeared to be due to the 
increase in micro flora mainly yeasts most of which have the ability to produce 
vitamins from simple precursors.  
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Suhasini and Malleshi (1995) observed that malting enhanced ascorbic acid, 
riboflavin and niacin content of wheat. However, there was no appreciable 
change in thiamine. An increase in some of the water-soluble vitamins in most 
of the cereals and a slight decrease in thiamine content in sorghum on 
germination was reported by Lorenz (1980). Since cereal grains are important 
sources of B-complex vitamins in Indian diets (Gopalan et al., 1989), an 
increase in vitamins through germination is nutritionally desirable.  
 
Dahal et al. (2003) in their study on masyaura, a partially fermented legume-
based savoury prepared from blackgram dhal and colocasia tuber by 
traditional sun-drying and an alternative cabinet drying method showed that 
vitamin B-complex increased significantly during fermentation.  
 
Machewad et al. (2003) in studies on the chemical characteristics of carrots 
indicated that pre-treatments such as peeling, blanching and sulphitation had 
adverse effect on beta carotene content in all the samples.  
 
Three cereal/pulse based recipes of Gujarat, dhebra (shallow fried), muthia 
(steamed) and handwa (baked) were developed and standardized by Nambiar 
and Seshadri (2001) so as to incorporate maximum amount of fresh radish 
leaves. The retention of beta-carotene in these products was also estimated. 
The results showed that shallow-fried dhebra retained 82%, followed by 
steamed and sautéed muthia (68%) and handwa, probably due to prolonged 
heating retained only 36% of beta-carotene.  
 
In a study by Rajyalakshmi et al. (2001), thirty two edible green leafy 
vegetables usually consumed by the tribals of Andhra Pradesh were boiled 
according to their traditional boiling procedure and total carotenoids and beta-
carotene contents were estimated. The losses of TC and BC contents due to 
boiling ranged from 5.67 to 84.14 and 2.66 to 92.34 mg/100g, respectively. 
Wide variation in losses of BC in the boiled green leafy vegetables was 
observed to be not proportional to cooking time. However, the losses in total 
carotenoids need not reflect the losses in beta-carotene.  
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Carrots were dried by solar drying, hot air cabinet drying and direct sunlight by 
Suman and Kumari (2002). Sun-dried carrots had maximum loss of beta-
carotene (71%) followed by solar (52%) and hot air cabinet drying (42%). 
Maeda and Salunkhe (1981) also reported minimum retention of carotenes in 
leafy vegetables dried in open sunshine.  
 
Beta-carotene contents of 12 raw vegetables and 35 cooked preparations 
were estimated by column chromatography and spectrophotometry by Harris 
and Karmas (1975). The effect of different cooking methods was investigated 
by calculating the % loss in the cooked preparations. The extent of loss was 
lower when processing/heating was kept to a minimum. Cooking methods 
when used cumulatively such as grinding, chopping plus cooking for long 
periods or prolonged cooking resulted in progressive losses of beta-carotene. 
Deep-fat frying resulted in twice the amount of loss that occurred during 
shallow-frying. In most cases, cooking caused reduction in the nutritive value 
of foods. 
 
Moth bean wada were prepared from fermented batter of moth bean flour. 
(Shah and Sail, 2005). Raw material, fermented batter, fermented cooked 
product and fermented cooked dried products were analysed for total 
nitrogen, thiamine and riboflavin. Results indicated increase in thiamine and 
riboflavin content on fermentation, which decreased slightly on cooking. 
Increase in vitamins on fermentation was also reported by Word et al.(1973) 
and Zamora and Field (1979), and the increase might have  been due to 
bacterial synthesis said Shah (1999).  
 
Soni et al. (1990) studied biochemical and nutritional changes associated with 
Indian Punjabi warri, a fermented product from black gram. The values of 
vitamin B1 and B2 were higher while pH was significantly lower in the 
fermented samples than in unfermented black grams.  
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2.5 STUDIES ON EFFECT OF PROCESSING ON MINERALS 
 
Cooking the leaves of Launaea Cornuta, a wild leafy vegetable by steaming or 
boiling resulted in the loss of some minerals as stated by Ndossi et al. (1991). 
Cooking markedly decreased the contents of total ash, Na, K and Ca, but had 
no effect on iron as indicated in table 7. 
  
Table 7: Effect of Cooking on Minerals of Launaea Cornuta 
Minerals Fresh Boiled Steamed 
Ash (g) 2.6  0.07 1.5   0.08 1.8   0.01 
Na (mg) 57. 5   2.20 33.0   1.8 38.8   1.72 
K (mg) 550.0   9.6 294   8.3 433   11.6 
Ca (mg) 215.0  2.3 144.0   4.7 165.0   3.8 
Iron (mg) 6.8   0.03 6.7  0.10 6.8   0.09 
 
Previous reports by Oser et al. (1943) and Kamalnathan et al. (1972) also 
indicated the loss of minerals in cooked vegetables. In general, out of the two 
methods of cooking employed in the study, the loss was greater when the 
leaves were boiled than when they were steam cooked. Cooking seemed to 
have no effect on iron content.  
 
Premavalli et al. (2001) conducted a study on nutrient losses on cooking of 
leafy vegetables. The conventional cooking of these resulted in losses of 
water solubles, minerals and change in colour.  
 
Ten recipes- rice, wheat uppuma, red gram dhal, green gram dhal, amaranth 
poriyal, cabbage poriyal, french beans poriyal, broad beans poriyal, carrot 
poriyal and potato curry were prepared by the selected cooking methods 
namely boiling, pressure cooking and solar cooking. The loss of calcium, 
phosphorus and iron was less in the recipes prepared in solar cooking when 
compared with that of other methods (Yegammai and Magadalene, 2000). 
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In a study Bhama and Sadana (2004) reported that dehulling of pulses 
resulted in a decrease in their calcium content. Singh et al. (1992). reported a 
significant decrease in calcium content in open pan cooked dhal and fried 
dhal whereas fermented wara showed significant increase. Oyewole and 
Odunfa (1989) observed that the concentration of calcium increased by 12% 
during fermentation. Iron content of processed bengal gram dhal products 
(open pan cooked dhal and fried dhal) was found significantly decreased, 
whereas fermented wara showed 14.3% increase in iron content. The process 
of fermentation leads to an increase in the iron content. Bengal gram flour 
products namely wara and pakories also showed significant decrease. The 
zinc content of the cooked products was found significantly less than their raw 
counterparts except wara and deep-fried pakories. Open pan cooked 
preparation and deep-fried dhal showed 20.8% decrease in zinc content, 
whereas fermented wara showed 11.4% increase in zinc content. The 
increase in zinc content of deep fried pakories might be due to high heat 
treatment during frying which destroys phytic acid content.  
 
Fermentation and germination significantly decreased the ash while toasting 
slightly increased the ash content of melon seeds observed Akubor (2004).   
 
Garcia et al. (2004) in a study on effect of precooking methods and storage on 
nutrient composition in canned tuna fish reported that quantity of ash declined 
after cooking raw tuna in brine, and by steaming. In tuna cooked in brine, this 
decrease was less because of contribution from Na in the brine.  
 
Iron bioavailability (determined by haemoglobin regeneration efficiency) from 
mustard leaves cooked by pressure cooking method was more than that of 
open pan cooked leaves. The available iron varied from 13.5 mg/100g in open 
pan-cooked mustard leaves to 17.5 mg/100g of pressure-cooked mustard 
leaves (Kaur and Kawatra 1994). 
 
Sood et al. (2002) reported that ash content of chickpea decreased on 
different treatments as expressed in Table 8. Sotelo et al. (1987) also 
reported that cooking diminished the ash content in chickpea variety. 
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Table 8: Effect of Cooking on Ash Content (g/100 g on dry basis) of 
Chickpea Varieties 
Treatment Variety I Variety II 
Raw 4.44 3.81 
Steaming 3.58 3.45 
Pressure cooking 3.37 2.64 
Solar cooked 3.36 2.50 
Parched 3.34 2.62 
 
Suhasini and Malleshi (1995) reported that malted wheat contained slightly 
higher concentrations of zinc, calcium and phosphorus, as against lower 
concentrations of iron, manganese and copper. Ranhotra et al. (1977) also 
observed a decrease in iron content and an increase in calcium and zinc 
contents in sprouted wheat. 
 
Dhaliwal and Hira (2004) studied the effect of storage on physico-chemical 
and nutritional characteristics of carrot-spinach and carrot-pineapple juices. It 
was seen that pasteurization of the juices did not affect the content of 
minerals (iron, sodium, potassium, calcium and phosphorus) in the juices. 
 
2.6 STUDIES ON EFFECT OF PROCESSING ON FIBRE 
 
Akubor (2004) reported that toasting increased the crude fibre content of 
melon seeds. While germination steadily improved the crude fibre content of 
melon seed, fermentation decreased it. The increase in crude fibre content of 
melon seed on germination might be attributed to the synthesis of more of the 
cell wall materials to support the shoots and rootlets (Meyer et al. 1973). The 
toasting process slightly improved the crude fibre contents of melon seed. The 
increase in this component was not real increase but was due to loss of 
moisture (concentration effect). Fermentation also steadily decreased crude 
fibre. 
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Sood et al. (2002) studied the effect of various heat treatments on 
constituents of two varieties of chickpea. Their observation indicated rise in 
crude fibre content as shown in Table 9. 
 
Table 9: Effect of Cooking on Crude Fibre Content (g/100 g on dry basis) 
of Chickpea Varieties 
Treatment Variety I Variety II 
Raw 3.24 2.47 
Steaming 3.61 2.86 
Pressure cooking 3.56 3.17 
Solar cooked 3.73 3.41 
Parched 3.72 3.39 
 
Suhasini et al. (1995) studied that malt from 120 h germinated wheat 
contained significantly higher proportions of soluble, insoluble and total dietary 
fibre. The partial loss in starchy endosperm during germination, causing per 
se increase in seed coat proportion could be the reason for increase in dietary 
fibre content on malting. Malleshi and Desikachar (1986) also reported slight 
increase in crude fibre on malting of millets.  
 
2.7 STUDIES ON EFFECT OF PROCESSING ON pH  
 
Nath et al. (1996) reported that pH values of the cooked chicken patties were 
higher than those of the raw patties. These results agree with the findings of 
Fogg and Horrison (1975), who found an increase of 0.3 units in pH value on 
cooking of the meat. Microwave cooked patties showed higher pH value than 
the hot air oven cooked patties, thereby indicating the effect of cooking 
methods on the pH of the patties. The higher pH of the microwave cooked 
patties may be due to the attainment of internal temperature (75  1 C) earlier 
than that in hot air oven cooked patties explained Lewis et al. (1967).  
 
Joshi et al. (1989) in a study on microbial and biochemical changes during 
dhokla fermentation found the optimum concentration of microbial metabolites 
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that impart typical aroma, flavour and texture to the product. pH dropped 
down from 5.3 to 4.0 on fermentation. 
 
In a study by Dike et al. (2003) soybean (Glycine max L Merr) was processed 
in the laboratory to give a moist fermented product, soyadawadawa. There 
was increase in pH from 6.1 to 7.4; an increase in titratable acidity from 0.7 to 
0.1 while temperature increased from 31 to 52 C over the same period of 
fermentation. 
 
Luh and Woodroof (1975) found that microwave blanched broccoli was lower 
in pH and higher in total acids than water blanched samples. 
 
2.8 STUDIES   ON   EFFECT   OF   PROCESSING  ON   MICRO-    
        ORGANISMS 
 
Destruction of microorganisms by thermal means is dependent not only on the 
temperature but also on the length of time the food is heated. A greater 
bacterial survival in meat cooked electronically had been reported by Crespo 
and Okerman (1977). The quick rise in lethal temperature and maintenance of 
that temperature for only short periods of time allows more bacteria to survive.  
 
In a study on microbial quality of whole egg powder Rao et al. (1993) 
analysed three types of egg powders, viz. freeze-dried, foam-mat-dried and 
commercially available spray-dried egg powders for the counts of viable total 
bacteria (standard plate count). The initial count of total viable bacteria in raw 
liquid egg was in the range of 10.9 x 103 to 12.5 x 103. Pasteurization brought 
about drastic reduction of these counts. The total viable bacterial count of 
freeze-dried egg powder was slightly higher as compared to that of foam-mat-
dried egg powder.  
 
Bansal and Kaul (2004) in a bacteriological study of the hygiene maintained in 
school canteens of Chandigarh analysed snack and water samples for 
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determining viable count by standard plate count method. The total bacterial 
counts of samples are given in Table 10. 
 
Table 10: Total bacterial load in different food of school canteens  
 
Food  Sample Bacterial load 
(cfu/ml) 
Food  
Sample 
Bacterial load 
(cfu/ml) 
Bread pakora 6.20x105 - 5.60x106 Pattie  4.10x105 - 1.93x107 
Samosa 6.20x105 - 1.32x107 Bhalla  7.70x105 
Hot dog 3.80x105 - 2.29x106  Idli 4.40x105 
Burger 8.50x105 - 2.84x106 Sambhar 3.60x105 
Tikki  9.20x105 -  2.46x106 Pudding 1.61x106 
Bhelpuri 4.20x105 -  1.39x106 Sandwich 1.89x106 
Pastry  1.62x106 - 2.20x106 Burfi  1.92x106 
Water 3.10x105 - 2.46x106   
 
Rajagopal (1978) studied the microbiological quality of frozen foods sold in a 
Nigerian city. The foods included frozen fish, frozen meat, frozen polythene 
packed meat, processed cheese, frozen chicken and ice cream. Frozen foods 
can be considered safe for human consumption if the plate count is not more 
than 105 org./g (Thatcher, 1995). Frazier collected data from several sources 
to show that a plate count of 2 x 106 to 5 x 106 could be permitted in raw 
meats. He, however, recommended a limit of the plate count at 105 for fish 
and poultry. He further stated that the U.S. Health Ordinance set the limit at 
5x104 for frozen desserts including ice cream. 
 
Varadraj et al. (1992) isolated several Bacillus species from Indian snack and 
lunch items. The samples analysed included idli, vadai, uppuma, plain cooked 
rice, curd rice and bisibele bhath. A higher count was recorded in bisibele 
bhath, the lowest in uppuma, while Bacillus was absent in plain cooked rice. 
 
Dhaliwal and Hira (2004) studied the effect of storage on physico-chemical 
and nutritional characteristics of carrot-spinach and carrot-pineapple juices. 
The juices were pasteurized before storage. Total bacterial count of fresh and 
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pasteurized juices was studied. While the fresh juices had bacterial count of 
the order 139x1010 cfu/ml, pasteurization decreased it to 1-3 cfu/ml. 
 
2.9 STUDIES ON MICROWAVE COOKING 
 
In their study Premkumar and Khurdiya (2002) blanched fully ripe, peeled 
bananas in domestic microwave oven for 3 min and water bath at 100 C for 8 
min separately and blended.  Banana puree prepared from the microwave 
blanched banana fruit had high ascorbic acid compared to banana puree 
prepared from the water bath blanched banana fruits.  
 
Broccoli and cauliflower scored significantly lower in overall palatability when 
cooked by microwave in a study conducted by Schrump and Charley (1975). 
Both the vegetables had much less acceptable texture. Vegetables cooked by 
microwave tended to dehydrate unless cooked by water and an outer skin 
formed which became thicker as cooking increased (Bollman et al. and 
Bowman et al., 1971). Loss of weight for each vegetable cooked by 
microwaves was more than double that of the matching halves cooked 
conventionally despite enough water to keep the vegetables covered as they 
cooked.  
 
Uneven heating of foods during microwave cooking has been recognized as a 
problem by Copson (1962), Goldblith and Pace (1967) Van Zante (1968) and 
Armbruster and Haefele (1975). 
 
Stephen and Lillard (1974) reported that microwave heating of precooked 
chicken resulted in considerable variations in internal temperatures of pieces 
within a given treatment, as well as between replications of treatments, even 
though pieces were of similar weight. Differences in the conformation and 
composition of pieces and the presence of “cold spots” in the oven were 
probably responsible for these variations, even though a rotary turntable in the 
oven should have minimized the problem of uneven exposure to microwaves. 
Lack of uniform distribution within microwave ovens was reported by other 
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investigators namely Baldwin et al. (1971); Van Zante (1966); Lacey and 
Winner (1965), Co and Livingston (1969), and Chen et al. (1973).  
 
Craven and Lillard (1974) in their study observed that heating precooked 
chicken by microwaves to internal temperatures up to 84 C was not adequate 
to eliminate the possible perfringens food poisoning.  
 
Peckham (1979) in nutritional aspects of microwave cooking stated that 
studies have been conducted on the nutrient composition of microwave-
cooked foods. Most have concluded that electronically cooked foods are as 
nutritious, if not more so, than foods cooked by conventional methods. The 
rapid, extremely efficient heating of microwaves produces less destruction of 
some heat-sensitive vitamins. In addition, water-soluble vitamins are not 
leached in discarded cooking water. Greater retention of vitamin B6 in chicken 
(Wing et al., 1972), thiamine in pork (Kylen et al., 1961), and ascorbic acid in 
vegetables (Gordon and Noble, 1959) was reported in foods cooked 
electronically. 
 
Moisture content was greater for pork cooked in the electric oven than for that 
cooked in the microwave oven, probably because of greater losses in 
microwave cooking reported Bowers et al., (1974). 
 
Kaur et al. (1999) specified that several factors like moisture, ionic content of 
a food, specified heat of various food constituents, product density, state and 
load volume play an important role in achieving uniform heating with 
microwave energy. Similar observations were reported by Heddleson et al. 
(1993) and Liu Lizen (1990).  
   
2.10 STUDIES ON SOLAR COOKING AND SOLAR COOKERS  
 
Protein retention in selected pulses, vegetable and cereal that were solar 
cooked was higher than those cooked by absorption method in saucepan 
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(George and Ogale, 1987) and in pressure cooker (Devadas and Venmathi, 
1992) as shown in Fig. 3. 
 
Fig. 3: Protein Retention (%) in Solar Cooked and Conventionally 
Cooked Pulses and Cereal 
 
 
 
 
 
 
SOL – Solar cooked, CC-Conventionally cooked, RGD-Red gram dal,                                                                      
GG- Green gram,  KB-Kidney beans 
 
Vitamins are essential nutrients for the body. Solar cooked green gram 
(mung), red gram dhal (tuvar), brinjal, kovai and cluster beans contained 
thiamine to a higher percentage than the same foods cooked in saucepans, 
“dekchi”, or “tapeli” (George and Ogale, 1987). Similarly, Fig. 4 shows that 
solar cooked amaranthus and beans were superior to those cooked by 
conventional method in thiamine retention (Chadrasekhar and Kowsalya, 
1997). 
 
Fig. 4: Thiamine Retention (%) in Solar Cooked and Conventionally 
Cooked Vegetables 
 
 
 
 
 
 
SOL – Solar cooked, CC-Conventionally cooked, AMAR-Amaranthus,  RGD-Red gram dal,                                    
GG-Green gram dal,   BRIN – Brinjal, CB-Cluster beans 
 
Vitamin A retention was more pronounced in solar cooking than in ordinary 
cooking by absorption in the case of amaranthus, beans and cabbage 
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(Chandrasekhar and Kowsalya, 1997) and also in the case of pumpkin 
(Easwaran and Kalpana, 1997). 
 
Riboflavin and vitamin C are sensitive to cooking. Solar cooking, which is a 
slow process at low cooking temperatures, retained these nutrients in 
selected vegetables to a much higher extent than those cooked by absorption 
method (George and Ogale, 1987; Chandrasekhar and Kowsalya, 1997). 
 
Green leafy vegetables, even though are excellent sources of a variety of 
antioxidants, much of these compounds are lost during cooking processes. 
Murthy et al. (1999) carried out a study where selected antioxidants were 
analyzed in a green leafy vegetable cooked by conventional methods and in a 
solar cooker.   
 
Solar cooking takes longer to cook at lower temperatures (simmering) so that 
food is definitely cooked but its nutritious elements are preserved and the 
process of simmering brings out the natural juices and flavours of the food 
cooked. The same principle applies to baking in the solar cooker. Here too, a 
relatively low baking temperature would make the process longer but the 
result would be an even bake, good colouring, and wholesome flavours. 
(Joshi and Patel, 1997). 
 
The loss of thiamine and vitamin C was less in the recipes prepared in solar 
cooker when compared with that of other methods. The loss of riboflavin and 
carotene was less in pressure cooking when compared to that of solar 
cooking and boiling method (Yegammai, Magadalene  2000). 
 
In their study Philip and Singhal (2002) stated that more than 50% of the 
energy consumed in India is for cooking only. Most of this energy comes from 
firewood, crop wastes and cow dung, which results in deforestation and leads 
to many problems. Box type solar cookers have the potential to provide an 
alternative for the people. Box-type solar cookers usually reach 95-129 C 
(200-248 F), the ideal temperatures for most cooking.  
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Blum (1989) in a study discussed the reasons for non-acceptance/less 
popularity of solar cookers as: incompatible with traditional cooking  practices,  
cooking can be done only in the direct sun, cannot cook at night, cannot cook 
in cloudy weather, cannot cook indoors, the cooker needs frequent 
adjustment towards the sun.  
 
Gupta and Purohit (2003) in their study stated, “Our society has so far very 
little experience of solar cooking”. Pandey (2002) also supported the use of 
solar energy in tropical country like India. 
 
2.11 STUDIES   ON   EFFECT   OF   COOKING   METHODS   ON  
          SENSORY CHARACTERISTICS OF FOODS 
  
In a study by Gupta et al. (1997), six recipes namely groundnut, gulabjamun, 
khova jilabe, samosa, dhokla and cake were cooked in solar cooker and on 
L.P.G. or electric oven for comparison. Almost all the recipes were found 
significantly more palatable when cooked in solar cooker as against L.P.G. 
and electric ovens.  
  
Hoda et al. (2002) studied sensory characteristics of products such as shami 
kabab, boty kabab and patties made by different methods. It was observed 
that colour and tenderness improved in case of microwave oven. MW oven 
reduced the time of cooking as compared to hot air oven and it caused 
uniform heating of meat products. Flavour was better in case of hot air oven 
due to excessive heating effect which in turn caused browning.  
 
Patties were prepared using chevon from „Osmanabadi‟ goats with different 
levels of fat and whey protein concentrate at 0, 10, 15, 20, 25, and 30% each 
and cooking methods (pan frying, hot-air-oven and microwave oven cooking) 
and further evaluated for textural characteristics. Among the cooking methods 
employed, maximum hardness and springiness were observed in pan-frying, 
followed by microwave oven and hot-air-oven. Patties cooked in hot-air-oven 
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had maximum chewiness and gumminess. Least chewiness was observed in 
microwave oven cooked patties (Pawar et al., 2002). 
 
Chicken patties were prepared with addition of different levels of chicken fat 
as well as other ingredients and subjected to hot air and microwave oven 
cooking. The product yield and gain in height differed significantly. However, 
the shear force values, shrinkage in diameter, moisture and certain sensory 
attributes were not influenced by the cooking methods. Acceptability was 
better in hot air oven cooked than microwave oven cooked patties reported 
Nath et al. (1996). 
 
Mickelberry and Stadelman (1960) reported that microwave cooked chicken 
was less tender than chicken cooked in a conventional oven.  
 
Among the problems encountered in roasting meat with the microwave oven 
was increased moisture loss from pork roasts as reported by Kylen et al. 
(1964) and Moore et al. (1966). Marshall (1960) working with beef roasts, 
found appearance, tenderness, juiciness and flovour to be less desirable 
following cooking in an electronic than in conventional oven (Deethardt et al., 
1973). 
 
The thighs of chicken which were precooked in the microwave oven were not 
as attractive in appearance as the samples which were precooked in deep fat 
reported Harris and Lindsay in 1972. Similar observations were made by Hale 
and Goodwin (1968).  
 
Microwave precooking of pork loin chops and roasts was less desirable than 
conventional precooking because of increased cooking losses and decreased 
tenderness reported Montgomery et al. (1977). 
 
The majority opinion indicated lower scores for the flavour of the microwave 
cooked product said Leod and Coppock (1979). Both Marshall (1960) and 
Cipra et al. (1971) reported less off-flavours and stale flavours as a result of 
microwave cooking.  
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Ramaswamy and  Fakhouri (1998) in their study stated of several studies on 
blanching, using microwaves either independently or in combination with 
steam/water heating. Their study showed either a slight improvement or no 
difference in enzyme inactivation as well as colour and texture changes to be 
associated with conventional steam or water blanching.  
 
In their study, Tsen et al. (1976) found that loaf volume and crumb qualities of 
conventionally baked bread were better than those of microwave baked or 
steamed bread. However, conventional baking produced a much darker 
brown crust and crumb than did microwave baking or steaming.  
 
Significantly more moisture was lost in microwave heated precooked frozen 
beef patties studied Janicki and Appledorf (1974). Microwave cooking has 
been reported to cause more drip in beef patties than conventional cooking 
(Thomas et al., 1949) and also to cause more evaporation in chicken than 
roasting (Wing and Alexander, 1972).  
 
Acacio et al. (1976) wrote that in conventional ovens, the temperature of the 
environment  rose and roasting was accomplished by conduction of heat from 
the outside to the interior of the meat. This resulted in a higher temperature at 
the surface of the meat than in the interior, and under these conditions, 
browning occured and characteristic colour and flavours were developed. In 
microwave cooking, the electromagnetic waves interact with specific 
components throughout the meat, instantly producing heat and resulting in 
rapid cooking. A shorter cooking time, however, might result also in a lack of 
“normal” colour and flavour that the consumer expects to find in cooked 
meats. Thus it is not surprising that results of studies have indicated that 
roasts cooked in the electronic oven differed in appearance and had 
significantly lower mean total palatability scores than those cooked in the 
conventional oven. Kylen et al. (1964) reported that the chief disadvantages of 
microwave cooking of beef pork roasts were the adverse effects on colour, 
tenderness and flavour.  
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CHAPTER 3 
 
MATERIALS AND METHODS 
 
The chapter is discussed under following heads-  
3.1 Sample preparation 
3.2 Sensory evaluation 
3.3 Bacterial load study 
3.4 Nutritional analysis 
3.5 Statistical analysis of the data 
 
3.1 SAMPLE PREPARATION 
 
Ten different recipes were selected for the study. The recipes selected were 
such that could be prepared by all three methods viz. conventional, 
microwave and solar cooking. Considering the limitations of microwave and 
solar cooking, recipes involving deep fat frying and shallow fat frying were not 
selected. The recipes selected were - roasted groundnut, plain rice, sweet 
corn, potato sabji, palak sabji, mung dal, kheer, muthiya, sponge cake and 
handwa. These recipes involved various methods of conventional cooking 
namely pressure cooking, boiling, broiling/grilling, roasting, sautéing, baking 
and steaming. Fermentation, a method of pre-preparation was also selected 
for this study. The recipes included foods from almost all food groups – 
cereals, pulses, vegetables (leafy, roots and tubers, and other vegetables), 
milk, sugar, eggs, nuts and oil seeds.  
 
The recipes were standardized for the ingredients, their amount, temperature 
and time of cooking. Cooking time varied for different cooking methods. In 
standardization of recipes for time required by different methods, doneness 
was the criterion i.e. time required for preparing each item by conventional, 
microwave and solar cooking was decided on the basis of required doneness 
of each product. 
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Raw ingredients for all the recipes were procured from the local market. 
Vegetables and milk were procured just prior to preparation, hence required 
no storage. Necessary cleaning, washing or trimming of raw ingredients was 
done before cooking.  
 
Solar cooking is possible when the atmospheric temperature is 30 C and 
above. The study was done during the months of October and November 
when the atmospheric temperature at noon time remained around 35 C. Solar 
cooking required the maximum time. As solar cooker needed to be preheated 
for faster cooking and better results, one hour preheating was done prior to 
cooking. Cooking was done from 11:00 am onwards to get the maximum 
benefit of sunlight. 
 
The microwave oven used for the study was a domestic oven of IFB company 
which functioned on 2450 MHz frequency. The control panel had numbers 
from 1 to 5 for regulating energy generation. All the recipes were made by 
setting the oven on no. 3. 
 
Recipes prepared for sensory evaluation were cooked in such a way that all 
the samples prepared by conventional, microwave and solar cooking got 
ready at the same time.  
 
RECIPES 
Amount of ingredients specified in Tables 11 to 20 is for one cooking method. 
Depending on the number of cooking methods, 3 / 4 equal size portions were 
taken individually and all portions were treated uniformly before subjecting to 
cooking. One portion was taken for raw analysis. This procedure was followed 
for groundnut, rice, mung dal and kheer. For sweet corn, potato sabji, palak 
sabji, muthiya, sponge cake and handwa, ingredients required for 3 / 4 
cooking methods as well as for raw analysis were taken together. After 
carrying out certain common preparation steps, they were divided into 
required number of portions. This was done to maintain the homogeneity of 
samples. 
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1) GROUNDNUT 
Table 11: Groundnut - Ingredient and amount  
 
Ingredient Amount 
Groundnut 100 g 
 
Method of preparation 
Groundnuts were weighed and cooked by different cooking methods. Cooking 
time was - coventional cooking (roasting) – 5 min, low heat; microwave – 5 
min; solar cooking– 45 min. 
 
2) PLAIN RICE  
Table 12: Plain rice - Ingredients and amount  
 
Ingredients Amount 
Rice 40 g 
Water 150 ml 
 
Method of preparation 
Rice was weighed and washed. Water was added and rice was soaked for 30 
min. It was cooked for time mentioned - conventional method (pressure 
cooking) – 10 min, microwave – 12 min, solar cooking – 45 min.   
 
3) SWEET CORN   
Table 13: Sweet corn - Ingredient and amount  
 
Ingredient Amount 
Sweet corn 200 g (seeds) 
 
Method of preparation 
Two and half kilogram sweet corn cobs (8 no.) were deseeded. 200 g sample 
was taken for three different cooking methods (one conventional, one 
microwave, one solar), and one for analysis of raw corn. Lower portion of all 8 
cobs was left without deseeding and was used for making broiled corn. 200 g 
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sample was obtained from broiled corn. Cooking time was - conventional 
methods – broiling – 3 min medium heat, and pressure cooking – 5 min;  
microwave – 5 min, solar cooking –1 hour.  
 
4) POTATO SABJI (SUKI BHAJI)  
 
Table 14: Potato sabji - Ingredients and amount 
  
Ingredients Amount  Ingredients Amount  
Potato 250 g Turmeric powder 50 mg 
Salt 1.3 g Red chili powder 450 mg 
Oil 18 g Cumin seeds 700 mg 
 
Method of preparation 
Potatoes (1 kg) were weighed, peeled, washed, diced and divided into four 
equal size portions. Three portions were used for preparing sabji, and one 
was kept for raw analysis. For each sabji, cumin seeds were added to heated 
oil. Diced potatoes and the remaining ingredients were added and the sabji 
was cooked. Cooking time was - conventional cooking (sautéing) – 5 min, low 
heat; microwave – 5 min; solar cooking – 40 min.  
 
5) PALAK SABJI  
Table 15: Palak sabji - Ingredients and amount  
 
Ingredients Amount Ingredients Amount 
Spinach 125 g Salt 500 mg 
Oil 5 g Turmeric powder 250 mg 
Cumin seeds 1 g Cumin-coriander powder 500 mg 
 
Method of preparation 
Spinach (500 g edible portion) was washed, cut and divided into four portions, 
one for analysis of raw spinach and remaining three for different cooking 
methods. Oil was heated, cumin seeds were added. Remaining ingredients 
were added and the sabji was cooked. Cooking time was - conventional 
57 
 
cooking (sautéing followed by simmering in covered pan with little water on 
the lid – 7 min; microwave – 3.30 min; solar cooking – 30 min. 
 
After half an hour, equal portions were taken from conventionally cooked and 
microwave cooked sabji, and were reheated conventionally and in microwave 
respectively for 30 sec. with 1 tsp. water added. 
 
6) MUNG DAL 
 Table 16: Mung dal - Ingredients and amount  
 
Ingredients Amount Ingredients Amount 
Mung dal 35 g Turmeric powder 50 mg 
Water 150 ml Salt 750 mg 
 
Method of preparation   
Mung dal was weighed, washed and soaked in water for 30 min. Salt and 
turmeric powder were added and the dal was cooked till soft. Cooking time 
was - conventional cooking (boiling) – 10 min, microwave – 13 min, solar 
cooking – 1 hr. 
 
7) KHEER  
Table 17: Kheer - Ingredients and amount 
  
 
 
 
 
 
Method of preparation 
All ingredients were weighed / measured. Rice was washed and soaked in 
milk for 30 min. Soaked rice and milk mixture was subjected to cooking. When 
rice was almost cooked, sugar was added and kheer was cooked for about 2 
minutes in conventional and microwave cooking, and about 10 min in solar 
cooking. For raw analysis, mixture of rice, milk and sugar was homogenized in 
Ingredients Amount 
Rice 20 g 
Milk 350 ml 
Sugar 25 g 
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blender after 30 min of soaking of rice. Cooking time was - conventional 
method (boiling) – 20 min, microwave – 18 min, solar cooking – 45 min. 
 
 
8) MUTHIYA  
Table 18: Muthiya - Ingredients and amount  
 
Ingredients Amount Ingredients Amount 
Dudhi (Bottle gourd) 150 g Oil 13.5 g 
Wheat flour 25 g Salt  2.5 g 
Bengal gram  flour 50 g Ginger 3.5 g 
Cooked rice 85 g Green chili 5.0 g 
Groundnut 10 g   
 
Method of preparation 
All the ingredients were weighed. Bottle gourd was peeled, washed and 
grated. Ginger and green chilies were washed, non-edible portion removed 
and made into paste. Groundnut was coarsely ground. All the ingredients 
were mixed well and divided into four portions. Three portions were shaped 
into muthiya and cooked. One portion was left uncooked for raw analysis. 
Cooking time was - conventional cooking (steaming) – 14 min, microwave – 
3.30 min, solar cooking – 35 min. 
 
9) SPONGE CAKE  
 
Table 19: Sponge cake - Ingredients and amount  
 
Ingredients Amount Ingredients Amount 
Egg 1 no. Vanilla essence ½ tsp 
Maida 25 g Water 5-10 ml 
Castor sugar 25 g   
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Method of preparation 
4 eggs were beaten for about 2 min. One portion of beaten eggs was kept 
aside for raw analysis. Remaining three portions were used for preparing 
cake.  
 
Hot water bowl was taken and kept under the container of beaten eggs in 
such a way that the water did not touch the container of eggs. Sugar and 
essence were added to beaten eggs and the mixture was beaten till it turned 
stiff and formed peaks. Maida was folded into the beaten mixture. Water was 
added while folding the flour. The mixture was poured in paper cups and 
cooked by three different methods. A portion was kept for analysis of batter. 
Cooking time was - conventional cooking (baking) - 5 min, 175 C, microwave 
– 2 min, solar cooking – 30 min. 
 
10) HANDWA  
Table 20: Handwa - Ingredients and amount  
Ingredients Amount Ingredients Amount 
Rice 60 g Green chilies 5.5 g 
Chana dal 30 g Chili powder 1.5 g 
Curd 25 g Turmeric 0.25 g 
Oil 12.5 g Coriander-cumin powder 2 g 
Water 100 ml Coriander leaves 2.5 g 
Salt 3.5 g Curry leaves 0.5 g 
Ginger 3.5 g Mustard seeds 1 g 
 
Method of preparation 
Rice and chana dal were separately ground to course powder and mixed. 
Curd, water and salt were added to the ground mixture and mixed well. pH of 
the batter was measured. The batter was allowed to ferment overnight (app. 
17 hours). pH of the fermented batter was measured. Paste of ginger and 
green chilies and other dry spices were added to the batter. Oil was heated, 
mustard seeds were cracked, curry leaves were added and this oil was 
poured over the batter. The batter was divided into four equal portions (app. 
200 g). One portion was kept for analysis of raw batter. Three portions of the 
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seasoned batters were cooked by three different methods. Cooking time was - 
conventional cooking (baking) – 15 min, low heat, covered container; 
microwave – 7 min, solar cooking – 1 hour 25 min.  
 
3.2 SENSORY EVALUATION 
 
The prepared recipes were subjected to sensory evaluation. Sensory 
evaluation was done by a trained panel consisting of ten members using nine-
point hedonic scale (Table 21). The panel was given sufficient amount of 
samples at room temperature in white glass containers of same size and 
shape. The evaluation was carried out in a quiet, odour-free room maintaining 
ideal conditions for testing. Each panelist was given a card shown in Table 21 
and asked to evaluate the samples for different attributes viz. colour, odour, 
texture, taste and overall acceptability. 
 
Table 21: SENSORY EVALUATION CARD: HEDONIC SCALE 
NAME OF THE EVALUATOR :  ____________________ 
DATE :  ____________                    NAME OF THE ITEM : _______________ 
 
Degree of 
liking 
Colour Odour Texture Taste Overall 
Acceptability 
Sample 
 
Sample 
 
Sample 
 
Sample 
 
Sample 
 
A B C D A B C D A B C D A B C D A B C D 
Like extremely                     
Like very 
much 
                    
Like 
moderately 
                    
Like slightly                     
Neither like 
nor dislike 
                    
Dislike slightly                     
Dislike 
moderately 
                    
Dislike very 
much 
                    
Dislike 
extremely 
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3.3 BACTERIAL LOAD STUDY  
 
Cooked samples were handled aseptically in sterile glassware to carry out the 
study of the effect of different cooking methods on bacterial population using 
standard plate count method. Average of two replicates was taken. 
 
Bacterial Load Study by Standard Plate Count Method (Practical Manual,   
IGNOU, 2005) 
 
                           Table 22: Composition of nutrient agar 
Content Amount 
Agar 15 g 
Peptone 5 g 
Beef extract 3 g  
Distilled water 1000 ml 
 
The ingredients were dissolved in distilled water and autoclaved. The content 
was cooled to 45-50 C and 20 - 25 ml of hot molten nutrient agar was poured 
in sterilized petri plate and allowed to solidify. 
 
Plate count method for microbial number: 1 g aseptically handled sample was 
added to 10 ml sterile distilled water and mixed well. 0.1 ml of this diluted 
sample was transferred to the center of a solidified agar plate and then 
spread uniformly over the surface of the medium with a sterile bent rod 
(spreader). The plates were incubated at 37 C for 24-48 hours following 
which the colonies of bacteria were counted.   
 
cfu/ml  =         No. of colonies formed  x  dilution factor 
                      Volume sampled 
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3.4 NUTRITIONAL ANALYSIS 
 
Recipes for nutritional assessment got ready at different time interval, but 
were prepared from the same raw material. This was done to maintain the 
homogeneity of the samples. At the end of cooking, when required doneness 
was achieved, temperature of the cooked food was measured by inserting a 
mercury thermometer in the center of the food. Nutritional analysis was 
started immediately after cooking. 
 
Analysis of all the samples was carried out for moisture, pH, protein, 
carbohydrates, free amino acids, ash and iron. Qualitative and quantitative 
estimation of free amino acids was done using circular paper chromatography 
and measurement of colour density with colorimeter. Foods containing 
considerable amount of vitamin C viz. sweet corn, potato sabji and spinach 
sabji were also analysed for vitamin C. Oil content of groundnut was 
estimated. Oil extracted from groundnut, and oil used for cooking potato sabji 
were analysed for acid value. Average of three determinations was taken in 
all analyses. 
 
PROCEDURES USED FOR NUTRITIONAL ANALYSIS 
 
1) NITROGEN ANALYSIS BY MICRO-KJELDAHL METHOD (Oser, 1976)  
 
Materials 
 Sulphuric acid  
 Potassium sulphate and copper sulphate (catalysts) 
 Sodium hydroxide 50% solution 
 Indicator solution: Methyl red 0.2g/100ml ethanol, methylene blue 
0.2g/100ml ethanol. For mixed indicator, two parts of methyl red 
solution were added to one part of methylene blue solution  
 Boric acid 2% solution 
 Standard HCl or H2SO4, 0.02 N 
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Procedure 
0.5 g samples (raw and cooked) were weighed and transferred to digestion 
flasks. 1 mg each of the catalyst was added and the samples were digested 
with 10 ml of concentrated sulphuric acid till the solution became colourless. 
After digestion the volume was made to 100 ml with distilled water. From this 
10 ml of digested and diluted sample(s) was taken in Kjeldahl flask along with 
10 ml of 50% NaOH and heated to liberate ammonia. The liberated ammonia 
was collected in a 100ml conical flask containing 5ml of boric acid solution 
with a few drops of mixed indicator. The flask was placed with the tip of the 
condenser dipping below the surface of the solution. The solution was titrated 
against the standard acid until the first appearance of violet colour, the end 
point. A reagent blank was run with an equal volume of distilled water and the 
titration volume was subtracted from that of sample titre volume. 
 
Calculation 
Protein % = Titre reading  x Normality of H2SO4  x 0.28    x  Volume made up x 100  x  6.25 
       1               0.02                    aliquot      sample taken        1000 
                     taken 
 
   
2) TOTAL CARBOHYDRATES BY ANTHRONE METHOD (Sadasivam &  
      Manickam, 1991) 
 
Materials 
 2.5 N HCl 
 Anthrone reagent: 200mg anthrone was dissolved in 100ml of ice cold 
95% H2SO4. The reagent was prepared fresh before use. 
 Standard glucose: Stock –100 mg glucose was dissolved in 100 ml 
water. Working standard – 10 ml of stock was diluted to 100 ml with 
distilled water.   
 Sodium carbonate 
 
Procedure 
100 mg samples (raw and cooked) were weighed into boiling tubes. 5 ml of 
2.5 N HCl was added and the tubes were kept in boiling water bath for 3 
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hours for hydrolysis. The tubes were cooled to room temperature. Sodium 
carbonate was added to the samples until the effervescence ceased. This 
neutralized the samples. The volume was made up to 100 ml and centrifuged. 
The supernatant was collected and 0.1 ml aliquots were taken for analysis. 
The standards were prepared by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of the 
working standard. 0 served as blank. The volume was made up 1 ml in all the 
tubes including the sample tubes by adding distilled water. 4 ml anthrone 
reagent was added to all tubes. The tubes were heated for eight minutes in a 
boiling water bath. The contents of the tube were cooled rapidly and the dark 
green colour was read at 630 nm. A standard graph was drawn by plotting 
concentration of the standard on the X-axis versus absorbance on the Y-axis.   
 
Calculation 
Amount of carbohydrate present in 100 mg of sample =      mg of glucose          X      100 
                                Volume of test sample 
 
 
3) ESTIMATION OF TOTAL FREE AMINO ACIDS (AOAC, 1970) 
 
Materials 
 Ninhydrin: 0.8 g stannous chloride was dissolved in 500 ml of 0.2 M 
citrate buffer (pH 5.0). This solution was added to 20 g of ninhydrin in 
500 ml of methyl cellosolve (2 methoxy ethanol). 
 0.2 M citrate buffer (pH 5.0): 20.5 ml 0.1 M citric acid was mixed with 
29.5 ml 0.1 M sodium citrate and volume was made 100 ml with 
distilled water.    
 0.1 M citric acid was made by dissolving 21.01 g citric acid in 1 lit. 
distilled water. 
 0.1 M sodium citrate was made by dissolving 29.41 g  trisodium citrate 
in 1 lit. distilled water. 
 Diluent solvent : Equal volumes of water and n-propanol were mixed 
and used.  
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(a) Procedure for the extraction of amino acids: 500 mg homogenized 
samples were weighed. To this homogenate, 10 ml of 80% ethanol was 
added. The mixture was filtered and the filtrate or the supernatant was saved. 
The extraction was repeated twice with the residue and all the supernatants 
were pooled. The extract was used for the quantitative estimation of total free 
amino acids. 
   
(b) Estimation: 1 ml ninhydrin solution was added to 0.1 ml extract. The 
volume was made up to 2.0 ml with distilled water. The tubes were heated in 
boiling water bath for 20 min. 5 ml diluent was added and the contents were 
mixed. After 15 min. the intensity of the purple colour was read against a 
reagent blank in colorimeter at 570 nm. The reagent blank was prepared by 
taking 0.1 ml of 80% ethanol instead of the extract. 
 
(c) Standard: 50 mg leucine was dissolved in 50 ml of distilled water in a 
volumetric flask. 10 ml of this stock standard was taken and diluted to 100 ml 
for making working standard solution. A series of volume from 0.1 to 1.0 ml 
gave a concentration range 10 mcg to 100 mcg. This standard was treated as 
the procedure mentioned for the sample, and the colour was read. A standard 
graph was drawn by plotting concentration of the standard on the X-axis 
versus absorbance on the Y-axis.   
 
 
4) ISOLATION  AND  ESTIMATION  (COLORIMETRIC)  OF  FREE   AMINO     
     ACIDS (Giri et al., 1952,  Raghuramulu et al., 1983) 
 
(a) Preparation of standard curves: 100 mg each of the authenticated 
samples of different amino acids were dissolved in 100 ml of 10% aqueous 
isopropanol. 1 ml of this stock solution contained 1 mg of amino acid. 
Standard solutions were prepared by taking 1 ml to 5 ml portion of the stock 
solution and diluting it to 10 ml volume with 10% aqueous isopropanol. Thus 
the standards containing 1 mg, 2 mg, 3 mg, 4 mg and 5 mg of the amino acids 
were obtained. 1.0 ml of 2.5 % ninhydrin in acetone was added to each test 
tube containing different standard solution. A blank was also prepared by 
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taking 10 ml of 10% aqueous isopropanol and 1.0 ml ninhydrin. Readings 
were taken after half an hour at 540 nm. Graphs were plotted with optical 
density against the concentration of the individual amino acids. Proline was 
dissolved in similar concentration in 10% aqueous isopropanol and the 
standard solution was prepared by taking 0.5 ml to 2.5 ml portions of the stock 
solution and diluting it to 10 ml volume with 10% aqueous isopropanol. 
Standard readings were taken at 440 nm. 
 
(b) Processing of sample: The food samples were homogenized in 
laboratory blender. 1 g food sample was extracted overnight in 100 ml of 70% 
alcohol. The extract was filtered using Whatman No. 1 filter paper and the 
clear alcoholic extract was evaporated to dryness at room temperature. The 
residue was then taken up in 10 ml of 10% isopropanol and filtered and the 
clear extract was used for spotting.  
 
(c) Circular paper chromatography for the separation of amino acids:   
Whatman No. 1 filter paper sheet was used for amino acid separation. 0.2 ml 
extracts (mentioned above in ‘b’) of raw and cooked samples were spotted on 
the sheet. A mixture of the authenticated samples of amino acids (standard) 
was also prepared in 10% aqueous isopropanol and was spotted on the same 
sheet. The chromatograms were developed for 18-20 hours with n-butanol : 
acetic acid : water (4:1:5) solvent. The chromatograms were dried in air and 
then sprayed with 0.2% ninhydrin in acetone. After initial drying in air the 
chromatograms were dried at 60 C in an oven for about 15 to 30 minutes. 
Coloured spots/bands of amino acids were marked and the Rf values were 
noted. (Rf= Distance travelled by solute/Distance travelled by solvent). The 
ninhydrin spots of the different amino acids of food samples were identified by 
their characteristic colours and comparison of Rf values with those of the 
authentic samples. 
 
(d) Quantitative estimation of amino acids: Coloured bands obtained on a 
circular chromatogram after applying the known quantity of extracts (0.2 ml) of 
raw and cooked samples were cut neatly. Each band was cut into small pieces 
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and extracted with 5.0 ml of 10% aqueous isopropanol in different test tubes. 
1.0 ml of 2.5% ninhydrin in acetone was added and kept for half an hour. 
Readings were taken as in the case of standard solutions and the concentration 
(amino acid percentage) was obtained by interpolation on the standard curves 
of the respective amino acids. 
 
This method is useful to get a gross separation of the free amino acids and a 
semi quantitative estimation. The researcher failed to find any such 
chromatographic studies of different cooked food and hence is reporting this 
for the first time. 
 
5) pH  
 
10 gm samples were taken in 50 ml distilled water and pH was read directly 
on Elico water analyzer and pH meter (model PE 138) equipped with a glass 
electrode. 
 
6) MOISTURE (AOAC, 1970) 
  
10 g samples were taken in dry petridish and heated in oven (for about 24 
hours) at 60 C till constant weight was obtained. 
 
7) ASH (AOAC, 1970) 
 
Dried samples after removal of moisture were kept/ignited in muffle furnace at 
600 C until white ash was obtained. From the weight of the residue amount of 
total ash per 100 g of the sample was calculated.      
 
8) IRON (Dean, 1975) 
 
Materials 
 2N HCl 
 20% Potassium thiocyanate 
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 Conc. Sulphuric acid 
 Conc. Nitric acid 
 
Procedure 
5 g sample was digested in long necked/kjeldahl flask with 10 ml conc. H2SO4 
and 5 ml conc. HNO3 till the content become colourless. Volume was made 
100 ml with distilled water. 20 ml sample was taken in volumetric flask. 5 ml 
potassium thiocyanate was added followed by 1 ml HCl. Volume was made 
100 ml and the content of the flask were mixed well. The red colour was read 
after 10 min. at 480 nm in colorimeter. 
 
Construction of standard curve: 2.6 g ferric ammonium sulphate was dissolved in 
1 lit. distilled water. Few drops of conc. H2SO4 were added to the solution to 
make it colourless/transparent. Concentration of iron in this solution was 0.3 mg 
per ml. To make the working standard, 10 ml of stock solution was taken and 
diluted to 100 ml. 0, 2 ml, 4 ml, 6 ml, 8 ml and 10 ml of working standard was 
taken in volumetric flasks. 5 ml potassium thiocyanate and 1 ml HCl were added. 
Volume was made 100 ml. Content of the flasks were mixed well. The red colour 
was read at 480 nm in colorimeter. A graph was plotted of concentration on X-
axis versus optical density on Y-axis. 
  
9) ASCORBIC ACID (Sadasivam & Manickam, 1991) 
 
Materials 
 Oxalic acid 4% 
 Dye solution: 42 mg sodium bicarbonate was added to a small volume 
of distilled water. 52 mg 2, 6-dichlorophenol indophenol was dissolved 
in it and the volume was made up to 200 ml with distilled water. 
 Stock standard solution: 100 mg ascorbic acid was dissolved in 100 ml 
of   4% oxalic acid (1 mg/ml). 
 Working standard: 10 ml of the stock solution was diluted to 100 ml 
with 4% oxalic acid. The concentration of working standard was 100 
mcg / ml. 
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Procedure 
To 5 ml of working standard, 10 ml of 4% oxalic acid was added and titrated 
against the dye (V1 ml) till the appearance of pink colour which persisted for 
few minutes. 5 g sample was extracted in 4 % oxalic acid. Volume was made 
100 ml and centrifuged. 5ml of the supernatant was pipetted to which 10 ml of 
4% oxalic acid was added and titrated against the dye (V2 ml).  
 
Calculation 
Ascorbic acid (mg) in 100 g sample   =  0.5 mg   x   V2       x   100 ml            x       100 
                                                                V1 ml         5 ml     Wt. of sample  
  
 
10) ESTIMATION OF OIL FROM OILSEEDS (Sadasivam & Manickam, 1991) 
 
Materials 
 Petroleum ether (40-160 C) 
 Whatman No. 2 filter paper 
 
Procedure 
10 g groundnut seed meal was taken in a folded filter paper which was later 
closed from all sides. The sample packet was placed in the butt tubes of the 
soxhlet extraction apparatus. The sample was extracted with petroleum ether 
for 6 hours by gentle heating. The apparatus was cooled and the extraction 
flask was dismantled. The ether was evaporated on water bath until no odour 
of ether remained. The flask was cooled at room temperature. The flask was 
cleaned from outside and weighed. Heating was repeated until constant 
weight was recorded.  
 
Calculation 
Oil in the ground sample (%)   =    Weight of oil (g) x      100 
Weight of sample (g) 
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11) ESTIMATION OF ACID VALUE  (Sadasivam & Manickam,  1991) 
 
Materials 
 0.1N KOH 
 Phenolphthalein 
 Methanol 
 
Procedure 
1 g of oil was dissolved in 50 ml methanol in a 250 ml conical flask and 
heated on hot water bath for 10 minutes. Few drops of phenolphthalein were 
added to the content. The contents were titrated against 0.1N KOH till light 
pink colour persisting for fifteen seconds was obtained. 
 
Calculation 
Acid value (mg KOH/g) = Titre value x Normality of KOH x 56.1 
                                                    Weight of the sample (g)   
 
 
3.5 STATISTICAL ANALYSIS OF DATA  
 
The analysis of data was done using F - statistics, ANOVA and randomized 
block design in Microsoft Excel (See Appendix). Significance was accepted at 
5% level. ANOVA and F- Statistics determined whether the block data (i.e. 
values of different parameters such as pH, moisture, protein etc. for different 
cooking methods, or data of rows in tables) and the treatment data (i.e. 
values of different parameters such as pH, moisture, protein etc. for one 
particular cooking method, or data of columns in tables) on the whole showed 
significant difference or not. To determine whether the difference between the 
individual values (i.e. difference between pH, moisture, protein etc. of raw 
food with the food cooked by different cooking methods, and of one cooking 
method with other methods) obtained for parameter analysed was significant 
or not, percentage ratio was calculated. Value of percentage ratio when 120 
or more was considered as significant, and less than 120 as insignificant. 
  
 
 
 
RESULTS 
AND 
DISCUSSION 
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CHAPTER 4 
 
RESULTS AND DISCUSSION 
      
The present research was carried out with the objective of studying the effect of 
different cooking methods – conventional, microwave and solar, on the nutrient 
profile, sensory characteristics and bacterial load of food. It was done on ten 
selected single foods and recipes namely groundnut, plain rice, sweet corn, 
mung dal, potato sabji, palak sabji, kheer, muthiya, sponge cake and handwa.  
 
The study was done in two parts. In the first part, each recipe was assessed for 
sensory characteristics by a trained panel. The tabulated data of mean hedonic 
score in this chapter represents average of ten readings.  
 
In the second part of the study, each recipe was analysed for nutrient profile and 
bacterial load. The tabulated data of nutritional analysis and concentration of free 
amino acids in this chapter represents average of three determinations, and of 
bacterial load count represents average of two determinations. 
 
Statistical analysis of the obtained data was done using ANOVA, F-statistics and 
percentage ratio. To test the hypothesis and determine whether the difference in 
readings obtained was statistically significant or not at specified level of 
significance (5%) the  data of nutritional analysis and amino acid concentration 
was grouped as follows: 
(i) raw and conventional (ii) raw and microwave (iii) raw and solar (iv) conven-
tional and microwave (v) conventional and solar (vi) microwave and solar, for five 
samples namely groundnut, potato sabji, kheer, muthiya, sponge cake and 
handwa.  
Readings of sweet corn were grouped as (i) raw and pressure cooked 
(conventional 1)   (ii) raw  and  broiled (conventional 2)    (iii)  raw and microwave  
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(iv) raw and solar (v) pressure cooked and broiled (vi) pressure cooked and 
microwave (vii) pressure cooked and solar (viii) broiled and microwave (ix) 
broiled and solar (x) microwave and solar. 
Readings of rice and mung dal were grouped as (i) conventional and microwave 
(ii) conventional and solar (iii) microwave and solar. 
 
In palak sabji where reheating was applied, the readings were grouped as (i) raw 
and conventional (ii) raw and microwave (iii) raw and solar (iv) raw and 
conventionally reheated (v) raw and microwave reheated (vi) conventional and 
microwave (vii) conventional and solar (viii) conventional and conventionally 
reheated  (ix)  conventional  and  microwave  reheated  (x)  microwave  and solar  
(xi) microwave and conventionally reheated (xii) microwave and microwave 
reheated (xiii) solar and conventionally reheated (xiv) solar and microwave 
reheated (xv) conventionally reheated and microwave reheated samples .  
Cooking time and endpoint temperature were measured but were not considered 
while statistically analysing the data.  
Sensory evaluation and bacterial load study were done only for cooked samples. 
The groups formed for all samples except sweet corn for testing the hypothesis 
were (i) conventional and microwave (ii) conventional and solar (iii) microwave 
and solar. The groups formed for sweet corn were (i) pressure cooked and 
broiled (ii) pressure cooked and microwave (iii) pressure cooked and solar (iv) 
broiled and microwave (v) broiled and solar (vi) microwave and solar. 
Statistical analysis of all data was done by ANOVA and F-statistics involving 
computation of sum of squares (S.S), degree of freedom (D.F), mean sum of 
squares (M.S.S) and F-Ratio. Data analysis of nutrient profile of rice, and 
sensory evaluation scores of all ten samples by ANOVA, and F-statistics showed 
insignificant difference among the values for different treatments. The data when 
further analysed by percentage ratio demonstrated significant difference between 
values of some nutrients and sensory attributes in some samples. When the 
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value of percentage ratio was 120 and greater, difference among the values was 
considered significant, and value smaller than 120 meant insignificant difference.  
Data of bacterial load study being small in size was analysed only by percentage 
ratio. 
The present study was designed to investigate the following hypotheses:  
1. There is no significant difference in the pH of raw, cooked and reheated* 
foods. 
2. There is no significant difference in the moisture content of raw, cooked and 
reheated* foods. 
3. There is no significant difference in the protein content of raw, cooked and 
reheated* foods. 
4. There is no significant difference in the carbohydrate content of raw, cooked 
and reheated* foods. 
5. There is no significant difference in the ash content of raw, cooked and 
reheated* foods.  
6. There is no significant difference in the iron content of raw, cooked and 
reheated* foods.  
7. There is no significant difference in the total free amino acids content of raw, 
cooked and reheated* foods. 
8. There is no significant difference in the acid value of oil before and after 
cooking by different methods. 
9. There is no significant difference in the vitamin C content of raw, cooked and 
reheated* foods. 
10. There is no significant difference in the glycine content of raw, cooked and 
reheated* foods. 
11. There is no significant difference in the threonine content of raw, cooked and 
reheated* foods. 
12. There is no significant difference in the glutamic acid content of raw, cooked 
and reheated* foods. 
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13. There is no significant difference in the cysteine content of raw, cooked and 
reheated* foods. 
14. There is no significant difference in the tryptophan content of raw, cooked and 
reheated* foods. 
15. There is no significant difference in the 2-amino butyric acid content of raw, 
cooked and reheated* foods. 
16. There is no significant difference in the methionine content of raw, cooked 
and reheated* foods. 
17. There is no significant difference in the phenylalanine content of raw, cooked 
and reheated* foods. 
18. There is no significant difference in the valine content of raw, cooked and 
reheated* foods. 
19. There is no significant difference in the isoleucine content of raw, cooked and 
reheated* foods. 
20. There is no significant difference in the L-leucine content of raw, cooked and 
reheated* foods. 
21. There is no significant difference in the tyrosine content of raw, cooked and 
reheated* foods. 
22. There is no significant difference in the norleucine content of raw, cooked and 
reheated* foods. 
23. There is no significant difference in the serine content of raw, cooked and 
reheated* foods. 
24. There is no significant difference in the proline content of raw, cooked and 
reheated* foods. 
25. There is no significant difference in the alanine content of raw, cooked and 
reheated foods. 
26. There is no significant difference in the dihydroxy phenylalanine content of 
raw, cooked and reheated* foods. 
27. There is no significant difference in the colour of foods cooked by different 
cooking methods.  
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28. There is no significant difference in the odour of foods cooked by different 
cooking methods. 
29. There is no significant difference in the texture of foods cooked by different 
cooking methods. 
30.  There is no significant difference in the taste of foods cooked by different 
cooking methods. 
31. There is no significant difference in the overall acceptability of foods cooked 
by different cooking methods. 
32. There is no significant difference in the bacterial load of foods cooked by 
different cooking methods. 
* Reheating applies to only one sample viz. palak sabji. 
 
 
4.1 GROUNDNUT 
 
Groundnut belongs to the group of foods known as nuts and oilseeds. It is rich in 
protein and contains a high level of fat, thus being a concentrated form of energy. 
It does not contain an appreciable amount of carbohydrate but contains high 
levels of B-vitamins. Groundnuts are consumed in different forms – raw, roasted, 
fried, sweet and savory items in Gujarat. Thus they form an important food. 
Groundnut oil is also consumed in this state in day to day cooking. 
 
In the present study, ‘mathadi’, a variety of groundnut which has high oil   content  
was subjected to roasting (a conventional method of dry heat treatment), 
microwave and solar heating, and analysed for parameters discussed as follows. 
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A) NUTRITIONAL EVALUATION 
 
Table 23: Nutritional Analysis of Raw and Cooked Groundnut 
Parameters Reported value 
 
Obtained  
Value - 
Raw  
 
      Cooking Methods 
Conven- 
tional 
Micro- 
wave 
Solar 
Raw     
G’nut    
Roasted 
G’nut 
Cooking time  
(min) 
- - - 5 5 45 
Endpoint temp. 
(C) 
- - - 95 95 80 
pH - - 5.48 5.56 5.56 5.63 
Moisture (%) 3.00 1.70 5.08 3.93 3.47 3.19 
Protein (%) 25.30 26.20 26.30 25.61 25.61 26.32 
Carbohydrates 
(%) 
26.10 26.70 25.30 27.91 28.35 27.31 
Fat (%) 40.10 39.80 39.06 38.20 38.21 38.80 
Ash (%) 2.40 2.50 2.34 2.40 2.41 2.42 
Iron (mg/100 g) 2.50 3.10 2.28 2.32 2.32 2.36 
Acid value  
(mg/100 g) # 
- - 0.84 0.85 0.85 0.86 
Total free            
amino acids  
(mg/100 g) 
- - 260.00 230.00 220.00 250.00 
Source: C. Gopalan, Nutritive Value of Indian Foods (1991)   
# Obtained from oil extracted from raw and cooked groundnut 
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Table 24: Statistical Analysis of Data of Nutritional Analysis of Raw and 
Cooked Groundnut 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 566378.8 8 70797.36 2001.576 
Treatment 332.8496 3 110.9499 3.136764 
Error 3395.598 96 35.37081   
Total 570107.3 107     
       Fcal(3.136764) > Ftab(2.699393), therefore the difference is significant.   
       
Table 25: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Raw and Cooked Groundnut 
Parameters Groups 
R-C R-M R-S C-M C-S M-S 
pH NS NS NS NS NS NS 
Moisture (%) S S S NS S NS 
Protein (%) NS NS NS NS NS NS 
Carbohydrates (%) NS NS NS NS NS NS 
Fat (%) NS NS NS NS NS NS 
Ash (%) NS NS NS NS NS NS 
Iron (mg/100 g) NS NS NS NS NS NS 
Acid value (mg/100 g)# NS NS NS NS NS NS 
Total free amino acids (mg/100g) NS NS NS NS NS NS 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
Cooking time and endpoint temperature 
Conventional roasting and microwave processing of groundnut took same time, 
and the temperature of the product measured at doneness with the help of 
mercury type glass column thermometer was also the same. Solar roasting took 
longer time, and the temperature at the endpoint was low by 15 C. The vast 
difference in temperature did not affect the nutrient profile of groundnut. 
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pH 
Heat treatment slightly increased the pH, the maximum rise being in solar cooked 
sample. Fogg and Horrison (1975) reported an increase of 0.3 units in pH value 
on cooking of meat. Nath et al. (1996) also reported higher pH value of cooked 
patties compared to that of raw patties. Luh and Woodroof (1975) found that 
microwave blanched broccoli had lower pH than water blanched broccoli.  
 
On the basis of statistical analysis in Table 25, the hypothesis that there is no 
significant difference in the pH of raw and cooked groundnut was accepted. 
Moisture 
Roasting decreased moisture content which was 5.08% in raw groundnut. The 
loss was highest in solar cooked groundnut with 3.19% moisture, and the least in 
conventional heating with 3.93% moisture. The loss in moisture was 22.6%, 
31.7% and 37.2% in conventional, microwave and solar roasted samples 
respectively. Slow but prolonged heating in solar cooking resulted in greater loss 
of moisture.  
Moisture differed significantly between raw and all cooked samples, and also in 
(i) conventional and solar cooked samples. The hypothesis that there is no 
significant difference in the moisture content of raw and cooked samples was 
rejected. 
Protein 
Protein content was 26.3% in raw groundnut. Roasting of groundnut resulted in 
decrease in protein content, the loss being the highest in microwave cooked 
sample with 25.61% protein, and the lowest in solar cooked sample with 26.32% 
protein. Higher value of protein in solar cooked sample compared to its raw 
counterpart was due to concentration effect on loss of moisture. Nath et al. 
(1996) reported of an apparent increase in protein and fat content of cooked 
meat patties due to loss of moisture. Garcia et al. (2004) reported similar rise on 
79 
 
steam cooking of tuna. This trend of pseudo rise in nutrients of cooked samples 
was observed in the present study also. 
 
The loss of protein on cooking of groundnut ranged from 0.82% in solar cooking 
to 1.49% in microwave cooking when expressed on dry basis. Conventionally 
roasted groundnut exhibited a loss of 1.37% in protein.  
 
Slightly greater loss of protein in conventional and microwave treated groundnut 
could be due to higher processing temperature than in solar cooked groundnut. 
Microwave heating brings about quick rise in temperature which could be 
possibly responsible for the highest protein loss. Narsimha and Desikachar 
(1978) reported that protein was negatively and significantly correlated with the 
cooking time of pigeon pea dhal.  
 
Sood et al. (2002) and Igbedioh et al. (1995) reported reduction in protein content 
of chick pea, pigeon pea and climbing bean on different treatments such as 
pressure cooking, steaming and solar cooking. Sood et al. (2002) reported a 
reduction of 10-20% protein in chick pea on different treatments mentioned here. 
 
Changes in protein solubilities occur over various time – temperature ranges. 
Hamm and Deatherage (1960) found that most changes in muscle protein 
resulting from heat occurred between 40C and 65C. Pathak et al. (1978) 
reported that five minute heat treatment at the temperature between 40C and 
100C led to 4% loss of soluble protein. Saxena et al. (2003) observed a 
significant decrease in protein, methionine and tryptophan contents in autoclaved 
chick pea, and attributed this decrease to breakdown of proteins into peptides 
and other lower molecular weight units. 
 
In absence of comparative data the results of present study could not be 
compared. Statistical analysis showed no significant difference among protein 
content of raw and any cooked samples. So the hypothesis that there is no 
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significant difference in the protein content of raw and cooked samples was 
accepted.  
Carbohydrates 
Carbohydrate content of raw groundnut was 25.3%. Heating resulted in increase 
in carbohydrate content of groundnut, the highest rise being in microwave treated 
sample with 28.35%, and the lowest in solar heated sample with 27.31%. 
 
Akubor (2004); Thakur and Putturaj (1995) and Dogra et al. (2001) reported 
reduction in carbohydrate content of melon seed (toasting), cowpea flour 
(puffing) and soybean (roasting). C. Gopalan (1991) reported increase in 
carbohydrate content on roasting of groundnut. Rise in carbohydrate content due 
to heat treatments such as pressure cooking, solar cooking and parching of 
chickpea was reported by Sood et al. (2002). The breakage, and subsequent 
release of some of the carbohydrates, hitherto bonded are probably responsible 
for the observed increase in carbohydrates of cooked food as reported by 
Ngoddy and Ihekoronye (1985). Microwave heating rises the temperature of food 
in much shorter time compared to conventional and solar cooking. This could 
possibly explain the greater breakage and release of bonded carbohydrates 
when treated by microwave. 
On the basis of statistical analysis showing no significant difference among raw 
and cooked samples, the hypothesis stating that there is no significant difference 
in the carbohydrate content of raw and cooked samples was accepted.  
Fat/oil 
Fat content of oil from raw groundnut was 39.06%. Content of oil extracted from 
conventionally roasted, microwave and solar cooked groundnut was low by 3.4%, 
3.8% and 2.6% respectively than the oil extracted from raw groundnut.  
 
Heating results in loss of fat (C. Gopalan 1991, Sood et al. 2002, and Igbedioh et 
al. 1995). The reduction in fat upon roasting could have been due to conversion 
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of fats to fatty acids and glycerol which is further hydrolysed to acetate as 
reported by King and Puwastein (1987). The highest loss of fat in microwave 
heated sample  in the present study indicate the highest breakdown of fat to fatty 
acids and glycerol which could be due to quick rise in temperature in microwave 
cooking. 
 
On basis of statistical analysis, the hypothesis that there is no significant 
difference in the fat content of raw and cooked samples was accepted.  
Ash 
Ash content of raw groundnut was 2.34%. It was seen to increase slightly but 
insignificantly on roasting. This could be due to loss of moisture and 
concentration effect. C. Gopalan (1991) reported of increase in ash content of 
roasted groundnut. Akubor (2004) reported a rise in ash content of melon seeds 
following toasting. 
On the basis of statistical analysis, the hypothesis that there is no significant 
difference in the ash content of raw and cooked samples was accepted.  
Iron 
Iron was not significantly affected by heat processing. It showed rise due to 
concentration effect. Dhaliwal et al. (2004) and Ndossi et al.  (1991) reported that 
heat treatment did not bring about much change in iron content. 
 
Studies by Yegammai and Magadelene (2000) indicated loss of iron in foods due 
to different cooking methods. They further reported of lesser iron loss in solar 
cooked foods compared to other cooking methods. Bhama and Sadana (2004) 
reported that iron content of processed bengal gram dhal products (open pan 
cooked dhal and fried dhal) was significantly reduced. Chitra et al. (1996) 
reported that cooking had little effect on total iron content of pulses. 
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On the basis of statistical analysis, the hypothesis that there is no significant 
difference in the iron content of raw and cooked samples was accepted.  
Acid value 
Oil was extracted from raw groundnut and groundnut roasted by conventional, 
microwave and solar cooking. Acid value of raw groundnut oil as well as roasted 
groundnut oil did not show significant difference. The values of all extracts fell 
within the normal range of 0.8-6.0 mg/g as reported by Weiss (1983). 
On the basis of statistical analysis, the hypothesis that there is no significant 
difference in the acid value of raw and cooked samples was accepted.  
Total free amino acids (FAA) 
Heating lowered the content of total free amino acids, but the difference was not 
significant. Heating lowers FAA to varying degree, depending on the intensity 
and duration of heat. The findings of Saxena et al. (2003), Grewal et al. (2001), 
Dogra et al. (2001), Singh et al. (1999), Hira et al. (1995), Rani and Hira (1993), 
Bakr et al. (1992), Jood et al. (1987), Khalil et al. (1986), Cheftel (1979), Tsen et 
al. (1976), Hayase et al., Shemer and Perkins (1975), Rao (1974), Evans and 
Butts (1949), and several other workers indicated loss of amino acids due to heat 
and other treatments.  
 
Shermer and Perkins (1975) reported that heat treatment caused considerable 
nutritional damage to methionine, the most important amino acid in legumes. 
Jood et al. (1987) reported similar effect of autoclaving on methionine and 
tryptophan content of chick pea cultivars.  
 
Heating has been reported to reduce the nutritive value of essential amino acids 
in a protein through racemization (Hayase et al., 1975) and chemical 
decomposition (Osner and Johnson, 1974). 
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Cheftel (1979) reported that roasting of protein resulted in destruction of amino 
acids such as methionine, lysine and cysteine. These are broken down into 
fractions of various molecular weight. In addition, severe heating of moist foods 
with low carbohydrate content may cause a marked destruction of cysteine 
together with a decrease in the availability of many amino acids (Evans and 
Butts, 1949). This process is called desulphirization.   
On the basis of statistical analysis, the hypothesis that there is no significant 
difference in total free amino acids content of raw and cooked groundnut was 
accepted.  
 
Fig. 5: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw and Cooked Groundnut 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional, Mic.-Microwave, Sol.-Solar 
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Free amino acids isolated and identified from alcoholic extract of groundnut by 
circular paper chromatography are presented in Table 26. 
 
Table 26: Free Amino Acids Isolated and Identified in Raw and Cooked 
Groundnut and their Concentration  
Amino acid Std. Rf Obtained  
Rf 
Amino acid concentration (mg/100 g) 
Raw Conven- 
tional 
Micro- 
wave 
Solar 
Glycine 0.18 0.17 9.00 5.00 6.00 8.00 
Threonine 0.25 0.27 32.00 28.00 28.00 27.00 
Glutamic acid 0.30 0.32 68.00 62.00 56.00 64.00 
Cysteine 0.38 0.39 5.00 4.40 4.40 3.40 
Tryptophan 0.48 0.46 19.60 29.00 30.00 28.00 
2-amino 
butyric  acid 
0.56 0.54 6.00 5.40 4.60 5.60 
Methionine 0.64 0.60 4.40 4.20 7.00 4.10 
Phenylalanine 0.77 0.70 16.00 18.00 16.00 21.00 
Valine 0.79 0.78 56.00 46.00 44.00 52.00 
Isoleucine 0.86 0.86 16.00 10.00 8.00 12.90 
L-leucine 0.91 0.94 28.00 18.00 16.00 24.00 
Total - - 260.00 230.00 220.00 250.00 
 
 
Table 27: Statistical Analysis of Data of Concentration of Free Amino Acids  
in Raw and Cooked Groundnut  
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 44321.24 10 4432.124 471.4612 
Treatment 273.8202 3 91.27341 9.709086 
Error 1109.297 118 9.400824  
Total 45704.36 131   
      Fcal(9.709086) > Ftab(2.681466), therefore the difference is significant.   
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As indicated in Table 26, total retention of free amino acids in conventionally 
roasted, microwave processed and solar roasted groundnut was 88.5%, 84.6% 
and 96.2% respectively. While the concentration of most of the amino acids 
reduced on heating, tryptophan concentration was seen to rise in all samples. 
Similar rise was seen in the concentration of phenylalanine in groundnut roasted 
conventionally and by solar heating. Concentration of methionine was seen to 
increase in microwave cooked groundnut. The elevated levels of these amino 
acids could be due to initiation of hydrolysis of storage protein on heat treatment 
and resultant rise in the concentration of some amino acids. Macy et al. (1964) 
found that heating meat increased some amino acids and decreased others. In 
present study the highest loss of 50% was seen in isoleucine in microwave 
treated sample. In conventional sample, the highest loss was seen in glycine; 
and of cysteine in solar cooked sample. 
 
Garcia et al. (2004) reported of increase in concentration of valine and tyrosine 
after cooking white tuna in brine and by steaming. Stainer et al. (1991), and Seet 
and Brown (1983) observed drastic variation in amino acid profile owing to time 
and temperature conditions. Finot (1997) reported that mild thermal treatments 
maintained the amino acid profile and did not change the nutritional value of 
protein either. Cheftel (1979) reported that roasting of proteins resulted in 
destruction of amino acids such as methionine, lysine and cysteine. Evans and 
Butts (1949) reported that severe heating of moist foods with low carbohydrate 
content may cause a marked destruction of cysteine, together with a decrease in 
the availability of many amino acids  
 
In absence of availability of published comparative data on amino acid profile of 
foods cooked by conventional, microwave and solar cooking, the present findings 
could not be comparatively evaluated. 
The statistical analysis in Table 25 showed no significance difference among the 
total free amino acids content of raw and cooked samples, but when the content 
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of individual free amino acid was observed and percentage ratio calculated, 
significant difference was observed among some of them. The results were as 
follows.  
Table 28: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Raw and Cooked Groundnut  
Amino acid Groups 
R-C R-M R-S C-M C-S M-S 
Glycine S S NS S S S 
Threonine NS NS NS NS NS NS 
Glutamic acid NS S NS NS NS NS 
Cysteine NS NS S NS S S 
Tryptophan S S S NS NS NS 
2-amino butyric  acid NS S NS S NS S 
Methionine NS S NS S NS S 
Phenylalanine NS NS S NS NS S 
Valine S S NS NS NS NS 
Isoleucine S S S S S S 
L-leucine S S NS NS S S 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
On the basis of statistical analysis in Table 28, the following hypothesis was 
accepted:  
1. There is no significant difference in the threonine content of raw and 
cooked groundnut.             
The following hypotheses were rejected: 
1. There is no significant difference in the glycine content of raw and cooked 
groundnut. 
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2. There is no significant difference in the glutamic acid content of raw and 
cooked groundnut.  
3. There is no significant difference in the cysteine content of raw and 
cooked groundnut.  
4. There is no significant difference in the tryptophan content of raw and 
cooked groundnut.  
5. There is no significant difference in the 2-amino butyric acid content of raw 
and cooked groundnut.  
6. There is no significant difference in the methionine content of raw and 
cooked groundnut.  
7. There is no significant difference in the phenylalanine content of raw and 
cooked groundnut.  
8. There is no significant difference in the valine content of raw and cooked 
groundnut.  
9. There is no significant difference in the isoleucine content of raw and 
cooked groundnut  
10. There is no significant difference in the L-leucine content of raw and 
cooked groundnut.  
B) SENSORY EVALUATION  
Fig. 6: Groundnut Cooked by Different Methods 
 
A-Conventional                                B-Microwave            C-Solar 
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Table 29: Mean Hedonic Score of Groundnut Cooked by Different Methods 
 
 
Table 30: Statistical Analysis of Data of Mean Hedonic Score of Groundnut  
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 3.573333 4 0.893333 0.012139 
Treatment 10.81333 2 5.406667 0.073468 
Error 10523.61 143 73.5917   
Total 10538 149     
      Fcal(0.073468) < Ftab(3.059376), therefore the difference is insignificant.   
 
 
Table 31: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Groundnut Cooked by Different Methods 
Sensory characteristics 
Groups 
C-M C-S M-S 
Colour NS NS NS 
Odour NS NS NS 
Texture NS NS NS 
Taste NS NS NS 
Overall acceptability NS NS NS 
C-M  Conventional-Microwave , C-S Conventional-Solar, M-S  Microwave-Solar                                              
S-Significant    NS- Not significant                                                                                      
Sensory characteristics Conventional Microwave Solar 
Colour 8.3 8.5 7.8 
Odour 8.9 7.6 7.9 
Texture 8.8 8.3 8.5 
Taste 8.9 8.0 8.5 
Overall acceptability 8.7 8.1 8.4 
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Colour: Microwave roasted groundnut retained original colour and thus the 
highest score of 8.5. Conventionally roasted groundnut had light brown spots. 
Skin of solar roasted groundnut developed slightly dark colour, though the 
darkening was uniform. 
 
Odour: Conventionally roasted groundnut retained pleasant odour, which was 
not retained in microwave and solar roasted samples. Observations showed that 
giving heat treatment in uncovered containers resulted in excessive loss of 
flavour principles of food cooked in microwave oven and solar cooker. Leod and 
Cappock (1979) also reported that microwave cooked foods obtained low score 
for flavour. Several studies report of greater flavour retention of solar cooked 
foods, which was not observed in the case of roasted groundnut in present study. 
 
Texture: All samples had good, highly acceptable texture. 
 
Taste: Conventionally roasted groundnut tasted superior, retaining more 
sweetness. 
 
Overall acceptability: Conventionally roasted sample was judged the best 
followed by solar roasted sample and microwave treated sample. 
 
The scores of all the attributes showed that samples cooked by different methods 
were highly acceptable. 
 
On the basis of statistical analysis in Tables 30 and 31, the following hypotheses  
were accepted: 
1. There is no significant difference in the colour of groundnut cooked by 
different cooking methods. 
2. There is no significant difference in the odour of groundnut cooked by 
different cooking methods. 
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3. There is no significant difference in the texture of groundnut cooked by 
different cooking methods. 
4. There is no significant difference in the taste of groundnut cooked by different 
cooking methods. 
5. There is no significant difference in the overall acceptability of groundnut 
cooked by different cooking methods. 
 
 
4.2 PLAIN RICE 
 
Rice is the staple food of more than half the world population. Rice, among the 
cereals, has been reported to have relatively good amino acid pattern (Juliano 
1972). It is consumed as cooked intact grains along with vegetables, pulses, 
meat or fish. It is also consumed in other forms such as parched rice, puffed rice 
and fermented preparations such as idli and dosa. During cooking, rice absorbs a 
considerable amount of water. 
 
In the present study, rice was cooked by pressure cooking (conventional 
method), microwave and solar cooking.  
It is important to note that the cooked samples were prepared in three times 
water (v/v), meaning 100 gm cooked rice contained only about 20 - 25 gm rice. 
As the amount of rice varied in raw and all cooked samples, statistical analysis 
and comparison of obtained data had to be restriced to cooked samples only. 
 
The data obtained were as presented. 
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A) NUTRITIONAL EVALUATION 
 
Table 32: Nutritional Analysis of Raw and Cooked Rice  
 
Parameter Reported 
 Value 
Obtained 
value - 
Raw 
      Cooking Methods 
Conven- 
tional 
Micro- 
wave 
Solar 
Cooking time  (min) - - 10 12 45 
Endpoint temp. (ºC) - - 91 91 84 
pH - 3.06 5.40 5.44 5.60 
Moisture (%) 13.70 14.00 80.62 75.32 80.82 
Protein (%) 6.80 6.30 1.30 1.57 1.30 
Carbohydrates (%) 78.20 78.40 17.87 22.88 17.67 
Ash (%) 0.60 0.60 0.11 0.08 0.058 
Iron (mg/100 g) 0.70 0.96 0.15 0.11 0.08 
Total free amino  
acids (mg/100 g) 
- 140 80 60 82 
Source: C. Gopalan, Nutritive Value of Indian Foods (1991) 
 
Table 33: Statistical Analysis of Data of Nutritional Analysis of Raw and 
Cooked Rice  
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 94390.42 6 15731.74 43.29246 
Treatment 1437.642 3 479.214 1.318758 
Error 92389.75 74 363.3828   
Total 188217.8 83     
      Fcal(1.318758) < Ftab(2.72828), therefore the difference is insignificant.   
 
 
 
 
92 
 
 Table 34: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Raw and Cooked Rice  
Parameters Groups 
C-M C-S M-S 
pH NS NS NS 
Moisture (%) NS NS NS 
Protein (%) S NS S 
Carbohydrates (%) S NS S 
Ash (%) S S S 
Iron (mg/100 g) S S S 
Total free amino acids (mg/100 g) S NS S 
C-M  Conventional-Microwave,  C-S Conventional-Solar,  M-S  Microwave-Solar                                                      
S-Significant,  NS- Not significant                                                                               
Cooking time and endpoint temperature 
Solar cooking took longer time. Temperature of microwave and solar cooked rice 
was measured immediately; while that of pressure cooked rice was measured 
after 5 min. to allow pressure inside the cooker to lower. Hence actual 
temperature of pressure cooked rice could not be obtained. 
 
pH 
pH of raw rice was 3.06. On cooking this increased to 5.37 in pressure cooked 
rice, 5.44 in microwave cooked rice and 5.6 in solar cooked rice. This significant 
increase was due to the cooking water which had the pH value of 6.76, and not 
due to any of the cooking methods. Fogg and Horrison (1975) have reported that 
cooking results in rise of pH. 
 
pH value differed significantly between raw and cooked samples, but not among 
cooked ones. As the difference in pH between cooked samples was not 
significant, the hypothesis that there is no significant difference in the pH of 
cooked rice was accepted. 
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Moisture 
Microwave cooked rice had the least moisture content compared to other two 
methods but the difference was insignificant. Therefore the hypothesis that there 
is no significant difference in the moisture content of cooked rice was accepted. 
 
Several workers like Schrump and Charley (1975), Janicki and Appledorf (1974), 
Bowers (1974), Wing and Alexander (1972) have reported on greater loss of 
moisture in microwave cooked food. 
Protein 
Cooked rice showed reduced levels of protein, the loss being the highest in 
microwave cooked rice when calculated on dry basis. Pressure cooked and solar 
cooked rice did not show difference in their protein content. The loss in protein 
content was 0.61% for pressure cooked, 0.96% for microwave cooked and 
0.52% for solar cooked rice. 
 
Compared to solar cooking greater protein loss in pressure cooked food could be 
due to high pressure and temperature. The protein loss in pressure cooked 
sample was less compared to microwave cooked rice possibly due to presence 
of steam blanket in pressure cooking, which is not formed in microwave cooking. 
Sood et al. (2002), Saxena et al. (2003) and Jood et al. (1987) reported of protein 
loss due to different heat treatments in chick pea. Protein loss was the highest in 
parched chickpea, followed by steamed, solar cooked and pressure cooked chick 
pea reported Sood et al. (2002). 
 
In the present study significant difference was seen in protein content of (i) 
conventional and microwave (ii) microwave and solar cooked samples. Therefore 
the hypothesis that there is no significant difference in the protein content of 
cooked rice was rejected. 
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Carbohydrates 
Carbohydrate content of raw rice was 78.4 g/100 g. Cooked rice contained 20-25 
g raw rice i.e. 15.7-20 g carbohydrate. Cooking resulted in increase in 
carbohydrate content, which was 22.88 g in microwave cooked rice, 17.67 g in 
solar cooked rice and 17.87 g in pressure cooked rice. 
 
Significant difference was seen in carbohydrate content of (i) conventional and 
microwave (ii) microwave and solar cooked samples. Therefore the hypothesis 
that there is no significant difference in the carbohydrate content of cooked rice 
was rejected. 
 
Reports by Igbedioh et al. (1995) and Sood et al. (2002) support the finding of 
rise in carbohydrate content on cooking. 
 
Ash 
20-25 g rice would have 0.12 to 0.15% ash. Cooking resulted in reduction of ash. 
This finding was supported by the studies of Igbedioh et al. (1995) and Sood et 
al. (2002) who reported reduction in ash content on cooking of pulses. In present 
study, while pressure cooked rice on dry basis showed minimum loss of ash 
(0.13%), solar cooked rice had maximum loss (0.40%). The difference among 
ash of all cooked samples - (i) conventional and microwave (ii) conventional and 
solar (iii) microwave and solar was significant. Therefore the hypothesis that 
there is no significant difference in the ash content of cooked rice was rejected. 
Iron 
20-25 g rice would have 0.19-0.24 mg iron. Cooking brought about significant 
change in the iron content of all cooked samples. Sood et al. (2002) reported of 
reduction in iron content of chick pea due to different heat treatments such as 
parching, steaming, solar cooking and pressure cooking. Dhaliwal and Hira 
(2004) reported little or no change in the iron content even on vigourous heat 
95 
 
treatment such as pasteurization of carrot , carrot-spinach and carrot-pineapple 
juices. Ndossi and Shreemulu (1991) also reported no change in iron content of 
leaves of Launaea on boiling and steaming. Composition of food and 
environment during cooking could be responsible for the changes in food during 
cooking. 
 
For the present study where iron content differed significantly between cooked 
samples, the hypothesis that there is no significant difference in the iron content 
of cooked rice was rejected. 
Total free amino acids (FAA) 
Content of total free amino acids differed significantly between (i) conventional 
and microwave (ii) microwave and solar cooked samples. Therefore the 
hypothesis that there is no significant difference in the total free amino acids 
content of cooked rice was rejected. 
 
Fig. 7:  Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw and Cooked Rice 
 
 
 
 
 
 
 
 
 
 
 
 
                          Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional, Mic.-Microwave, Sol.-Solar 
 
Free amino acids isolated and identified in rice were as follows.  
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Table 35: Free Amino Acids Isolated and Identified in Raw and Cooked Rice 
and their Concentration  
Amino acid Std. Rf Obtained  
Rf 
Amino acid concentration (mg/100 g) 
Raw Conven- 
tional 
Micro- 
wave 
Solar 
Tryptophan 0.48 0.49 52 34 34 34 
Methionine 0.64 0.61 10 2 2 8 
Phenylalanine 0.77 0.73 50 24 14 28 
Isoleucine 0.86 0.84 30 20 10 12 
Total - - 140 80 60 82 
 
Table 36: Statistical Analysis of Data of Concentration of Free Amino Acids 
in Raw and Cooked Rice 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 7287 3 2429 3.841279 
Treatment 2823 3 941 1.48812 
Error 25926 41 632.3415   
Total 36036 47     
          Fcal(1.48812) < Ftab(2.832747), therefore the difference is insignificant.   
 
Total free amino acids content was seen to increase in cooked rice. Content of 
some amino acids increased on cooking of white tuna as reported by Garcia et 
al. (2004).  
 
In the present study, where 100 gm of cooked rice sample contained about 20 -
25 gm raw rice, the total free amino acid content would be about 28 - 35 mg in 
raw sample. But in cooked rice the FAA content was 80 mg, 60 mg and 82 mg for 
conventional, microwave and solar cooked rice. While cooking was seen to 
destroy and reduce overall free amino acid content in most of the samples, 
cooked rice and mung dal (discussed later) showed elevated levels. This could 
be due to partial hydrolysis of protein as a result of heat treatment. Both, rice and 
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mung dal were cooked in water which was three times the amount of rice/dal 
(v/v). High moisture content during cooking could possibly have some role in 
initiation of protein hydrolysis. The rise in amino acid level was the highest in 
solar cooked rice and the lowest in microwave cooked rice, though solar cooked 
and pressure cooked samples showed little difference in their values. The results 
of statistical analysis by percentage ratio were as follows. 
 
Table 37: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Raw and Cooked Rice 
Amino acid Groups 
C-M C-S M-S 
Tryptophan NS NS NS 
Methionine NS S S 
Phenylalanine S NS S 
Isoleucine S S S 
C-M  Conventional-Microwave,  C-S Conventional-Solar,  M-S  Microwave-Solar                                                      
S-Significant,  NS- Not significant                                                                               
On the basis of data in Table 37, the following hypothesis was accepted: 
1. There  is  no  significant  difference  in  the tryptophan  content of cooked  
rice samples. 
 
The following hypotheses were rejected: 
1. There is no significant difference in the methionine content of cooked rice 
samples. 
2. There is no significant difference in the phenylalanine content of cooked 
rice samples. 
3. There is no significant difference in the isoleucine content of cooked rice 
samples. 
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B) SENSORY EVALUATION  
Fig. 8: Plain Rice Cooked by Different Methods 
     A-Conventional   B-Microwave  C-Solar 
 
Table 38: Mean Hedonic Score of Rice Cooked by Different Methods 
Sensory characteristics Conventional Microwave Solar 
Colour 8.7 8.6 8.7 
Odour 8.7 7.9 8.5 
Texture 8.4 8.0 8.6 
Taste 8.6 7.9 8.4 
Overall acceptability 8.6 7.7 8.4 
 
 
Table 39: Statistical Analysis of Data of Mean Hedonic Score of Rice 
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 1.626667 4 0.406667 0.005472 
Treatment 6.813333 2 3.406667 0.045843 
Error 10626.56 143 74.31161   
Total 10635 149     
       Fcal(0.045843) < Ftab(3.059376), therefore the difference is insignificant.   
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Table 40: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Rice Cooked by Different Methods 
Sensory characterstics 
Groups 
C-M C-S M-S 
Colour NS NS NS 
Odour NS NS NS 
Texture NS NS NS 
Taste NS NS NS 
Overall acceptability NS NS NS 
C-M  Conventional-Microwave,  C-S Conventional-Solar,  M-S  Microwave-Solar                                                      
S-Significant,  NS- Not significant                                                                               
Colour:  All samples had good colour indicating no adverse effect of cooking 
method. 
 
Odour: Pressure cooked and solar cooked rice retained pleasant aroma, but it 
was not retained in the case of microwave cooked sample. 
 
Texture: Pressure cooked and solar cooked rice had soft grain, while microwave 
cooked rice had less soft texture. Rice cooked by all methods resulted in long, 
separate grain. 
 
Taste: Pressure cooked rice had pleasant aroma and also the best mouth feel 
and sweet taste. Solar cooked rice was also rated high for its pleasant taste. 
Microwave cooked rice scored the least for this characteristic. 
 
Overall acceptability: Pressure cooked rice showed the highest score for 
acceptability closely followed by solar cooked rice. Microwave cooked rice 
showed a comparatively low score for overall acceptability. This was due to less 
soft grain and lack of good aroma. 
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Based on the statistical analysis in Tables 39 and 40, the following hypotheses 
were accepted: 
1. There is no significant difference in the colour of rice cooked by different 
cooking methods. 
2. There is no significant difference in the odour of rice cooked by different 
cooking methods. 
3. There is no significant difference in the texture of rice cooked by different 
cooking methods. 
4. There is no significant difference in the taste of rice cooked by different 
cooking methods. 
5. There is no significant difference in the overall acceptability of rice cooked 
by different cooking methods. 
 
C) BACTERIAL LOAD STUDY 
All the samples were analysed for total viable bacterial count (plate count 
method). The results in Table 41 showed the efficiency of all the methods to 
destroy microorganisms, partially sterilize food and render it safe for consumption 
to be equal. 
 
Table 41: Bacterial Count (cfu/ml) of  Rice Cooked by Different Methods 
Conventional Microwave Solar 
1 x 10 1 x 10 1 x 10 
 
The hypothesis that there is no significant difference in the bacterial load of 
rice cooked by different methods was accepted. 
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4.3 SWEET CORN 
 
Sweet corn belongs to the family of cereals. Cereals are good sources of 
carbohydrates and B-complex vitamins, but lack beta-carotene. Sweet corn, 
especially the yellow variety is an exception as it contains beta-carotene, and 
some vitamin C also. Sweet corn is gaining popularity due to the variety of 
delicacies that can be prepared from it. Corn on the cob is grilled or pressure 
cooked and consumed by applying seasoning such as mixture of salt, red chillie 
powder and lemon juice. 
 
In the present study, corn was cooked by two conventional methods viz. pressure 
cooking and broiling, and by microwave and solar energy. It was then subjected 
to sensory evaluation and nutritional analysis. The results obtained were as 
discussed. 
 
A) NUTRITIONAL EVALUATION 
Table 42: Nutritional Analysis of Raw and Cooked Sweet Corn 
Parameter Reported 
 Value* 
Obtained  
Value - 
Raw  
              Cooking methods 
Pressure 
Cooked 
Broiled Micro- 
wave 
Solar 
Cooking time (min) - - 5 2 5 60 
Endpoint temp.(ºC) - - 75 60 89 80 
pH - 5.6 5.7 5.6 5.7 5.7 
Moisture (%) 67.1 78 76.2 72.3 73.3 73.8 
Protein (%) 4.7 4.2 4.2 3.94 3.52 3.5 
Carbohydrates (%) 24.6 15.7 17.5 21 20.6 20.35 
Ash (%) 0.8 0.72 0.66 0.72 0.84 0.84 
Iron (mg/100g) 1.1 0.96 0.66 0.84 0.82 0.82 
Vitamin C(mg/100g) 6.0 8.82 7.35 6.61 7.35 5.88 
Total free amino 
acids (mg/100g) 
- 760 524.6 390 400 490 
Source: C. Gopalan, Nutritive Value of Indian Foods (1991) 
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Table 43: Statistical Analysis of Data of Nutritional Analysis of Raw and 
Cooked Sweet Corn  
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 3313393 7 473341.9 219.5066 
Treatment 33847.76 4 8461.939 3.924122 
Error 232890.2 108 2156.39   
Total 3580131 119     
       Fcal(3.924122) > Ftab(2.455767), therefore the difference is significant.   
 
Table 44: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Raw and Cooked Sweet Corn  
Parameters    Groups 
R-C1 R-C2 R-M R-S C1- C2 C1-
M 
C1-S C2-
M 
C2-S M-S 
pH NS NS NS NS NS NS NS NS NS NS 
Moisture (%) NS NS NS NS NS NS NS NS NS NS 
Protein (%) NS NS NS S NS NS NS NS NS NS 
Carbohydrates 
(%) 
NS S S S NS NS NS NS NS NS 
Ash (%) NS NS NS NS NS S S NS NS NS 
Iron (mg/100g) S NS NS NS S S S NS NS NS 
Vitamin C 
(mg/100g) 
S S S S NS NS S NS NS S 
Total free 
amino acids 
(mg/100g) 
S S S S S NS S S NS S 
R- C1 Raw-Pressure cooked, R- C2 Raw-Broiled, R-M Raw-Microwave , R-S Raw-Solar,   C1- C2 Pressure cooked-Broiled, 
C1-M Pressure cooked-Microwave, C1-S Pressure cooked-Solar, C2-M Broiled-Microwave, C2-S Broiled-Solar                  
M-S Microwave-Solar                                                                                                      S-Significant,  NS-Not significant 
Cooking time and endpoint temperature 
Corn cooked by broiling took the least time, while solar cooking took the highest 
time. Microwave cooked corn reached the highest endpoint temperature, while 
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broiling did not result in comparable rise of temperature. Temperature of 
pressure cooked corn was measured after 5 minutes of turning the heat off. This 
was required for release or lowering of pressure inside the pan. Hence actual 
endpoint temperature of pressure cooked corn, which would definitely be much 
higher than temperature measured after 5 minutes of turning off heat could not 
be measured. 
 
pH 
Cooking did not bring about significant change in the pH, nor did different 
cooking methods result in significant change in pH. Thus the hypothesis that 
there is no significant difference in the pH of raw and cooked corn was accepted. 
Moisture 
Broiling resulted in the highest loss of moisture, thought the cooking time was the 
least. Direct heating on flame resulted in greater moisture loss in broiled corn. 
Microwave and solar cooked corn showed similar moisture levels. Pressure 
cooked corn retained the highest moisture. This could be due to the steam 
blanket that forms around the food inside the cavity of the pan, which does not 
happen in the case of microwave and solar cooking where the environment 
surrounding the food is devoid of moisture. Retention of moisture was 97.7%, 
92.7%, 94% and 94.6% for pressure cooked, broiled, microwave and solar 
cooked corn respectively. 
 
On the basis of statistical analysis which suggested no significant difference 
among moisture content of raw and cooked samples, the hypothesis that there is 
no significant difference in the moisture content of raw and cooked corn was 
accepted. 
 
 
 
104 
 
Protein 
Protein content of raw corn was 4.2 g/100 g. Pressure cooked corn contained 4.2 
g, broiled corn had 3.94 g, microwave cooked corn had 3.52 g and solar cooked 
corn had 3.5 g protein. Protein showed reduction on cooking. Loss in protein 
content on dry basis was calculated to be 1.46%, 4.88%, 5.92% and 5.74% in 
pressure cooked, broiled, microwave and solar cooked corn respectively. The 
figures indicated that pressure cooked corn retained maximum protein. That heat 
treatments result in loss of protein due to reactions such as denaturation / 
racemization/desulphirization has been reported by several workers as 
mentioned earlier in discussion on nutritional analysis of groundnut. 
 
The difference in the protein content of (i) raw and solar cooked samples was 
significant. Hence the hypothesis that there is no significant difference in the 
protein content of raw and cooked corn was rejected. 
 
Carbohydrates 
Carbohydrate content of raw corn was 15.7 g/100 g. This rose to 17.5 g on 
pressure cooking, 21 g on broiling, 20.6 g on microwave cooking and 20.35 g on 
solar cooking. On dry basis the rise in carbohydrate content was seen to be the 
highest in pressure cooked corn (6.9%), and the least in broiled corn (4.4%), 
possibly be due to shorter cooking time and lesser rise in temperature in broiling. 
Rise in carbohydrate content on heat treatment has been reported by several 
researchers as stated earlier. 
 
The difference in the carbohydrate content of (i) raw and broiled (ii) raw and 
microwave (iii) raw and solar cooked samples was significant. Hence the 
hypothesis that there is no significant difference in the carbohydrate content of 
raw and cooked corn was rejected. 
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Ash 
Ash content of raw corn was 0.72 g/100 g. It was 0.66g for pressure cooked corn, 
0.72g for broiled corn, 0.84g for microwave cooked corn and 0.84g for solar 
cooked corn. The apparent rise in microwave and solar cooked samples was due 
to loss of moisture. Expressed on dry basis, broiling resulted in the highest loss 
in mineral content (0.68%) which could possibly be due to direct contact of food 
with the flame/source of heat which also resulted in charring. Solar cooked corn 
had minimum loss of 0.07%. Fall in ash content on various heat treatments has 
been reported by several workers as discussed earlier. 
 
Statistical analysis showed significant difference in ash content of (i) pressure 
cooked and microwave cooked (ii) pressure cooked and solar cooked corn. So 
the hypothesis that there is no significant difference in the ash content of raw and 
cooked corn was rejected. 
 
Iron 
Iron content reduced, and differed significantly on cooking. The difference in the 
iron content of following samples –(i) raw and pressure cooked (ii) pressure 
cooked and broiled, (iii) pressure cooked and microwave cooked (iv) pressure 
cooked and solar cooked samples was significant. Hence the hypothesis that 
there is no significant difference in the iron content of raw and cooked corn was 
rejected. 
 
Vitamin C 
Vitamin C in raw corn was 8.82 mg/100 g. Pressure cooked corn contained 7.35 
mg, broilled corn 6.61 mg, microwave cooked 7.35 mg and solar cooked corn 
contained 5.88 mg vitamin C. Thus vitamin C retention in pressure cooked, 
broiled, microwave and solar cooked corn was 83.3%, 74.9%, 83.3% and 66.7% 
vitamin respectively. 
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Vitamin C is heat sensitive and cooking results in 0-100% loss of vitamin C as 
reported by Potter (1996). In the present study, vitamin C loss was seen to be the 
highest in solar cooked corn followed by broiled corn. Microwave cooked and 
pressure cooked corn retained equal amount of vitamin C. Researchers like 
Rachel and Ogale (1987), Chandrasekhar and Kowsalya (1997) have reported 
that solar cooked foods retain more vitamins compared to other methods of 
cooking. The findings of present study were not in agreement with these reports. 
Microwave cooked corn retained more vitamin C compared to broiling and solar 
cooking. This finding has been supported by several researchers like Gordon and 
Noble (1959), Kaur et al. (1999) and Premkumar and Khurdiya (2002). As 
indicated by present study, microwave as well as pressure cooking of corn 
resulted in equal retention of the vitamin. Shirsat and Thomas (1998) reported of 
greater loss of vitamin C in boiled potatoes compared to microwave and pressure 
cooked ones. 
 
The difference in the vitamin C content of following samples – (i) raw and 
pressure cooked (ii) raw and broiled (iii) raw and microwave (iv) raw and solar (v) 
pressure cooked and solar (vi) microwave and solar cooked samples was 
significant. Hence the hypothesis that there is no significant difference in the 
vitamin C content of raw and cooked corn was rejected. 
 
Total free amino acids (FAA) 
100 g raw corn contained 760 mg free amino acids. This amount  reduced on 
cooking. This loss was the highest in broiled corn and the least in pressure 
cooked corn. FAA content of corn after different methods of cooking was 524.6 
mg on pressure cooking, 390 mg on broiling, 400 mg on microwave cooking and 
490 mg on solar cooking. The retention in terms of percentage was 69%, 51.3%, 
52.6%, and 64.5% in pressure cooked, broiled, microwave and solar cooked 
corn.  
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The difference in the total free amino acids content of following samples – (i) raw 
and pressure cooked (ii) raw and broiled (iii) raw and microwave (iv) raw and 
solar (v) pressure cooked and broiled (v) pressure cooked and solar (vi) broiled 
and microwave (vii) microwave and solar cooked samples was significant. Hence 
the hypothesis that there is no significant difference in the total free amino acids 
content of raw and cooked corn was rejected. 
 
Fig. 9: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw and Cooked Sweet Corn 
 
 
 
 
 
 
 
 
 
 
 
Std.-Standard (Authenticated a.acids) , Raw, PC-Pressure cooked,                                                                              
Broiled, Mic.-Microwave, Sol.-Solar 
 
 
 
 
 
108 
 
Table 45: FAA Isolated and Identified in Raw and Cooked Sweet Corn and 
their Concentration  
Amino acid Std. Rf  Obtained  
Rf  
           Amino acid concentration (mg/100 g) 
Raw Pressure 
cooked 
Broiled Micro- 
wave 
Solar 
Tyrosine 0.34 0.36 136 104 84 98 88 
Tryptophan 0.48 0.44 24 15 15 16 14 
2-amino 
butyric acid 
 
0.56 
 
0.55 54 24 38 14 22 
Methionine 0.64 0.64 4 3.6 3.4 2 1.4 
Valine 0.79 0.72 286 200 138 180 220 
Norleucine 0.83 0.80 194 130 90 62 118 
Isoleucine 0.86 0.87 16 16 13.6 12 10 
L-leucine 0.91 0.92 46 32 8 16 16.6 
Total - - 760 524.6 390 400 490 
 
Table 46: Statistical Analysis of Data of Concentration of Free Amino Acids 
in Raw and Cooked Sweet Corn 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 533507.5 7 76215.36 186.3381 
Treatment 33548.48 4 8387.12 20.50558 
Error 44173.78 108 409.0165   
Total 611229.8 119     
          Fcal(20.50558) > Ftab(2.455767), therefore the difference is significant.   
 
Pressure cooking resulted in loss of FAA, ranging from no loss of isoleucine to 
55.6% loss of 2-amino butyric acid. In broiled corn, the highest loss of 82.7% was 
seen in L-leucine content, and the least loss of 15% in methionine. In microwave 
cooked corn, the highest loss of 74.1% was seen in 2-amino butyric acid and the 
least loss of 25% in isoleucine concentration. In solar cooked corn, the highest 
loss of 65% was seen in methionine, while the least loss of 35.3% in tyrosine 
content. These results indicate that different cooking methods have varying effect 
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on concentration of FAA, the loss not being consistent for any particular amino 
acid or cooking method. The reason for such behaviour of amino acids needs to 
be studied by further investigation. In absence of data from similar studies, the 
obtained results could not be compared. 
 
Table 47: Statistical Analysis (Percentage Ratio) and interpretation of Data 
of Concentration of Free Amino Acids in Raw and Cooked Sweet Corn 
Amino        
acid 
Groups 
R-C1 R-C2 R-M R-S C1- C2 C1-M C1-S C2-M C2-S M-S 
Tyrosine S S S S S NS NS NS NS NS 
Tryptophan S S S S NS NS NS NS NS NS 
2-amino 
butyric acid 
S S S S S S NS S S S 
Methionine NS NS S S NS S S S S S 
Valine S S S S S NS NS S S S 
Norleucine S S S S S S NS S S S 
Isoleucine NS NS S S NS S S NS S S 
L-leucine S S S S S S S S S NS 
R- C1 Raw-Pressure cooked, R- C2 Raw-Broiled,  R-M Raw-Microwave, R-S Raw-Solar , C1- C2 Pressure cooked-Broiled,  
C1-M Pressure cooked-Microwave, C1-S Pressure cooked-Solar ,      C2-M Broiled-Microwave, C2-S Broiled-Solar                   
M-S Microwave-Solar                                                          S-Significant , NS-Not significant 
On the basis of statistical analysis in Tables 46 and 47, the following hypotheses 
were rejected:  
1. There is no significant difference in the tyrosine content of raw and cooked 
corn.  
2. There is no significant difference in the tryptophan content of raw and 
cooked corn.  
3. There is no significant difference in the 2-amino butyric acid content of raw 
and cooked corn. 
4. There is no significant difference in the methionine content of raw and 
cooked corn. 
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5. There is no significant difference in the valine content of raw and cooked 
corn. 
6. There is no significant difference in the norleucine content of raw and 
cooked corn. 
7. There is no significant difference in the isoleucine content of raw and 
cooked corn. 
8. There is no significant difference in the L-leucine content of raw and 
cooked corn. 
B) SENSORY EVALUATION  
Fig. 10: Sweet Corn Cooked by Different Methods 
 
 
 
 
 
 
 
 
                         A-Conventional (pressure cooked)    B- Conventional (broiled)      C-Microwave        D-Solar 
 
Table 48: Mean Hedonic Score of Sweet Corn Cooked by Different Methods 
Sensory characteristics Pressure 
cooked 
Broiled Micro-
wave 
Solar 
Colour 8.9 8.5 8.9 8.7 
Odour 8.8 8.6 7.4 8.3 
Texture 8.7 8.6 8.6 8.3 
Taste 8.8 8.6 8.1 8.4 
Overall acceptability 8.8 8.6 8.3 8.5 
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Table 49: Statistical Analysis of Data of Mean Hedonic Score of Sweet Corn 
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 5.67 4 1.4175 0.018552 
Treatment 7.015 3 2.338333 0.030603 
Error 14670.32 192 76.40789   
Total 14683 199     
       Fcal(0.030603) < Ftab(2.65164), therefore the difference is insignificant.   
Table 50: Statistical Analysis and interpretation of Data of Mean Hedonic 
Score of Sweet Corn Cooked by Different Methods 
Sensory 
characteristics 
Groups 
C1- C2 C1-M C1-S C2-M C2-S M-S 
Colour NS NS NS NS NS NS 
Odour NS NS NS NS NS NS 
Texture NS NS NS NS NS NS 
Taste NS NS NS NS NS NS 
Overall acceptability NS NS NS NS NS NS 
C1-C2 Pressure cooked-Broiled, C1-M Pressure cooked-Microwave, C1-S Pressure cooked-Solar, C2-M Broiled-Microwave, 
C2-S Broiled-Solar,  M-S Microwave-Solar                                                          S-Significant , NS-Not significant 
Colour: Pressure cooked and microwave cooked corn exhibited better colour 
and thus the highest score for colour. Broiled corn scored less due to charred 
look. Solar cooked corn scored little more than broiled corn for the attribute. 
 
Odour: Pressure cooked corn retained maximum flavour, followed by broiled, 
solar and microwave cooked corn. 
 
Texture: Pressure cooked corn scored the highest for having the most desirable 
texture. Next were broiled and microwave cooked corn, and solar cooked corn 
scored the least for its texture. 
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Taste: The scores for this characteristic showed the same pattern as for odour, 
i.e. the order of liking was pressure cooked, broiled, solar cooked and microwave 
cooked corn. 
 
Overall acceptability: The order of scores for overall acceptability was - 
pressure cooked corn, broiled corn, solar cooked corn and microwave cooked 
corn. 
 
On the basis of statistical analysis in Tables 49 and 50, the following hypotheses 
were accepted: 
1. There is no significant difference in the colour of sweet corn cooked by 
different cooking methods.  
2. There is no significant difference in the odour of sweet corn cooked by 
different cooking methods. 
3. There is no significant difference in the texture of sweet corn cooked by 
different cooking methods. 
4. There is no significant difference in the taste of sweet corn cooked by 
different cooking methods. 
5. There is no significant difference in the overall acceptability of sweet corn 
cooked by different cooking methods. 
C) BACTERIAL LOAD STUDY 
Table 51: Bacterial Count (cfu/ ml) of Sweet Corn Cooked by Different 
Methods 
Pressure cooked Broiled Microwave Solar 
0 4.5 x 102 2.0 x 102 1.0 x 102 
 
Broiling resulted in minimum destruction of microorganisms. Corn cooked by 
broiling got cooked in very short time, and the temperature at endpoint was also 
the least of all cooking methods. As cooking span was short, and the final 
temperature attained was low, the number of bacteria destroyed was the lowest. 
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Pressure cooked corn resulted in complete destruction of bacteria. As solar 
cooking takes longer to cook, continued low but consistent temperature 
maintained for longer time resulted in greater destruction of bacteria. Microwave 
cooking caused quick rise in temperature of food, but the cooking time was 
shorter, as a result of which internal temperature attained by the food was not 
maintained for long period as in case of solar cooking. This resulted in greater 
number of surviving cells. Higher bacterial count in perishables could be 
attributed to handling and higher number of microorganisms on the surface of the 
food. 
 
Statistical analysis by percentage ratio showed highly significant difference 
among the bacterial count of all sweet corn samples processed by different 
cooking methods. Therefore the hypothesis than there is no significant difference 
in the bacterial load of corn processed by different cooking methods was 
rejected. 
  
4.4 POTATO SABJI 
 
Potato, a root vegetable is rich in carbohydrate and can form an important source 
of energy in our diets. It is a significant source of vitamin C. Variety of 
preparations can be made out of it. 
 
Potato sabji was made by three different methods viz. sautéing, microwave and 
solar cooking. It was then subjected to sensory evaluation and nutritional 
analysis. The results of analysis were as follows.  
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A) NUTRITIONAL EVALUATION 
 
Table 52: Nutritional Analysis of Raw Potato and Potato Sabji  
Parameter Reported 
value* -
Potato 
Obtained 
Value - 
Raw pot. 
           Cooking methods 
Conven-
tional 
Micro-
wave Solar 
Cooking time (min) - - 5 5 40 
Endpoint temp. (ºC) - - 90 85 80 
pH - 4.64 4.65 4.72 4.6 
Moisture (%) 74.7 76 64.32 63.97 64.92 
Protein (%) 1.6 1.05 1.15 1.08 1.15 
Carbohydrates (%) 22.6 22 26.67 25.94 26.68 
Ash (%) 0.6 0.7 0.7 0.75 0.71 
Iron (mg/100g) 0.48 0.45 0.6 0.61 0.59 
Vitamin C(mg/100g) 17.0 19.26 10.37 14.81 7.41 
Acid value (mg/g)# - 1.96 2.52 2.24 2.8 
Total free amino 
acids (mg/100g) 
 
- 550 480 570 510 
   Source: C. Gopalan, Nutritive Value of Indian Foods (1991)  
   # Obtained from oil used for cooking sabji 
 
 
Table 53: Statistical Analysis of Data of Nutritional Analysis of Raw Potato 
and Potato Sabji  
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 2853078 8 356634.8 2398.113 
Treatment 2023.811 3 674.6038 4.536227 
Error 14276.61 96 148.7147  
Total 2869379 107   
        Fcal(4.536227) > Ftab(2.699393), therefore the difference is significant.   
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Table 54: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Raw Potato and Potato Sabji  
 
Parameters Groups 
R-C R-M R-S C-M C-S M-S 
pH NS NS NS NS NS NS 
Moisture (%) NS NS NS NS NS NS 
Protein (%) NS NS NS NS NS NS 
Carbohydrates (%) S NS S NS NS NS 
Ash (%) NS NS NS NS NS NS 
Iron (mg/100g) S S S NS NS NS 
Vitamin C (mg/100g) S S S S S S 
Acid value (mg/g) S NS S NS NS S 
Total free amino acids  
(mg/100g) 
NS NS NS S NS NS 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
Cooking time and endpoint temperature 
Potato sabji made conventionally by sautéing and by microwave took 5 min to 
cook. Solar cooking required 40 min. Conventionally cooked sabji reached the 
endpoint temperature of 90ºC, while temperature recorded in microwave cooked 
sabji was 85ºC, and of solar cooked sabji was 80ºC. 
 
pH 
pH of raw potato was 4.64, which did not show significant change on cooking. 
Microwave  cooked  sabji  had slightly higher pH value. Similar results in 
microwave cooked food have been reported by Fogg and Horrison (1975). On 
the basis of statistical analysis presented in Tables 53 and 54, the hypothesis 
that there is no significant difference in the pH of raw and cooked sabji was 
accepted. 
116 
 
Moisture 
Moisture content decreased on cooking, but the difference among any of the 
samples was not significant. The hypothesis that there is no significant difference 
in the moisture content of raw and cooked sabji was accepted. 
Protein 
Protein content of raw potato was 1.05 g/100 g. 100 g conventionally cooked 
sabji contained 1.15 g protein, microwave cooked sabji contained 1.08 g protein, 
and solar cooked sabji contained 1.15g protein. Apparent increase in protein 
content could be attributed to loss of moisture on cooking. On dry basis, protein 
loss observed was 0.5%, 0.3% and 0.44% for sautéed, microwave cooked and 
solar cooked sabji respectively. The loss in protein content was minimum in 
microwave cooked sabji and maximum in conventionally cooked sabji. 
 
Statistical analysis showed no significant difference among protein content of raw 
and cooked samples. Thus the hypothesis that there is no significant difference 
in the protein content of raw and cooked sabji was accepted. 
Carbohydrates 
Carbohydrate content of raw potato was 22 g/100 g. When cooked, carbohydrate 
content rose to 26.67 g in sautéed sabji, 25.94 g in microwave cooked sabji and 
26.68 g in solar cooked sabji indicating the highest rise in solar cooked sabji. 
 
Statistical analysis showed significant difference among carbohydrate content of 
(i) raw and conventional (ii) raw and solar cooked samples. Thus the hypothesis 
that there is no significant difference in the carbohydrate content of raw and 
cooked sabji was rejected. 
Ash 
Ash content of potato was 0.7 g/100 g. Ash content obtained after cooking was 
0.7 g in sautéed sabji, 0.75 g in microwave cooked sabji and 0.71 g in solar 
cooked sabji, the apparent rise only being due to concentration effect. On dry 
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basis, ash content was seen to decline. The loss of minerals ranged from 0.21% 
in microwave cooked sabji, to 0.33% in conventionally cooked sabji.  
 
Statistical analysis showed no significant difference among ash content of raw 
and cooked samples. Thus the hypothesis that there is no significant difference 
in the ash content of raw and cooked sabji was accepted. 
Iron 
Iron content of raw potato was 0.45 mg/100 g, and of cooked sabji was 0.6 mg in 
sautéed, 0.61 mg in microwave, and 0.59 mg in solar cooked sabji. The apparent 
increase in iron content was due to concentration effect, or loss of moisture on 
cooking. 
 
Statistical analysis showed significant difference in iron content of raw and all 
cooked samples, but not among samples prepared by different cooking methods. 
Thus the hypothesis that there is no significant difference in the iron content of 
raw and cooked sabji was rejected. 
Vitamin C 
Vitamin C being heat labile suffered the highest loss on cooking. Vitamin C 
content of raw  potatoes was 19.26 mg/100 g, and of cooked samples was 10.37 
mg in sautéed sabji, 14.81 mg in microwave cooked sabji, and 7.41 mg in solar 
cooked sabji. Thus solar cooked sabji suffered the maximum loss of 61.5%. 
Retention of vitamin C was the highest in microwave cooked sabji, being 76.9%, 
i.e. a loss of 33.1%. Sauteed sabji retained 53.8% vitamin C. While microwave 
and solar cooked sabji were covered and cooked, conventionally cooked sabji 
was cooked without lid and yet retained more vitamin C as compared to solar 
cooked sabji. As solar cooking took longer time, continued and prolonged heat 
exposure could have resulted in greater loss of vitamin. Several workers as 
mentioned earlier have reported on higher retention of vitamin C by microwave 
as well as solar cooking. The result of this study supports the findings on 
microwave cooking, while do not agree with those on solar cooking. 
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Statistical analysis showed significant difference in vitamin C content of raw and 
all cooked samples, and also among all samples prepared by different cooking 
methods. Thus the hypothesis that there is no significant difference in the vitamin 
C content of raw and cooked sabji was rejected. 
Acid value 
Untreated (raw) oil, and the one used for cooking the sabji was analysed for acid 
value. These values were 1.96 mg/g for untreated (raw) oil, and 2.52mg, 2.24 mg 
and 2.8 mg for oil obtained from sautéed sabji, microwave cooked sabji and solar 
cooked sabji respectively. Thus oil obtained from solar cooked sabji was found to 
have the highest content of free fatty acids. Kotwal et al. (1993) reported the acid 
values of raw, heated and fried groundnut oil as 1.02 mg, 7.04 mg and 5.72 mg. 
Thus the acid value of oil used for frying was lower than that of heated oil. In the 
present study, acid value of oil obtained from solar cooked sabji was greater 
which could have resulted due to prolonged heating. 
 
Statistical analysis showed significant difference in acid value of (i) raw and 
conventional (ii) raw and solar (iii) microwave and solar cooked samples. Thus 
the hypothesis that there is no significant difference in the acid value of oil before 
and after cooking by different methods was rejected. 
Total free amino acids (FAA) 
Considering the protein content of potato which was 1.05 g/100, the free amino 
acid content of 550 mg/100 g was quite high. FAA content of sautéed sabji was 
480 mg, of microwave cooked sabji was 570 mg, and of solar cooked sabji was 
510 mg. Thus conventional cooking resulted in loss of 12.8%, and solar cooking 
resulted in loss of 7.3% FAA. Some destruction of amino acids and protein due to 
denaturation and racemization is a normal, expected behaviour of protein. 
Contrary to this behaviour, microwave cooked sabji showed rise in its FAA 
content. This could be due to some hydrolysis of native protein, but the finding 
needs to be supported by further investigation. 
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Statistical analysis showed significant difference in total free amino acids content 
of (i) conventional and microwave cooked samples. Thus the hypothesis that 
there is no significant difference in the total free amino acid content of raw and 
cooked sabji was rejected. 
 
Fig. 11: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw Potato and Potato Sabji 
 
 
 
 
 
 
 
            
          
 
 
 
Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional,  Mic.-Microwave,                             
Sol.-Solar                                                                                
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Table 55: FAA Isolated and Identified in Raw Potato and Potato Sabji and 
their Concentration  
 
Amongst the FAA identified, content of serine, cysteine, 2-amino butyric acid, 
proline and isoleucine decreased, while that of tyrosine, tryptophan, methionine, 
valine and L-leucine increased on cooking. About two-fold rise was seen in 
methionine content of solar cooked sabji.  
 
Table 56: Statistical Analysis of Data of Concentration of Free Amino Acids 
in Raw Potato and Potato Sabji 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 603214 9 67023.78 511.0172 
Treatment 1464.609 3 488.203 3.722263 
Error 14033.86 107 131.1576   
Total 618712.5 119     
          Fcal(3.722263) > Ftab(2.68949), therefore the difference is significant.   
 
Amino acid  Std. 
 Rf 
Obtained 
 Rf 
Amino acid concentration (mg/100 g) 
Raw Conven-
tional 
Micro-
wave Solar 
Serine 0.23 0.22 130.6 78.2 129.8 129.8 
Tyrosine 0.34 0.32 236 246 274 216 
Cysteine 0.38 0.37 6.8 3.4 3.2 3.0 
Tryptophan 0.48 0.48 18 20 19 28 
2-amino butyric acid 0.56 0.58 58 42 38 40 
Proline 0.58 0.60 3.8 2.0 3.0 3.2 
Methionine 0.64 0.68 3.8 4.4 7.0 8.0 
Valine 0.79 0.75 40 50 48 22 
Isoleucine 0.86 0.86 30 10 14 24 
L-leucine 0.91 0.93 23 24 34 36 
Total - - 550 480 570 510 
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Table 57: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Raw Potato and Potato Sabji 
Amino acid Groups 
R-C R-M R-S C-M C-S M-S 
Serine S NS NS S S NS 
Tyrosine NS NS NS NS NS S 
Cysteine S S S NS NS NS 
Tryptophan NS NS S NS S S 
2-amino butyric acid S S S NS NS NS 
Proline S S NS S S NS 
Methionine NS S S S S NS 
Valine S S S NS S S 
Isoleucine S S S S S S 
L-leucine NS S S S S NS 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
On the basis of statistical analysis in Tables 56 and 57, the following hypotheses 
were rejected: 
1. There is no significant  difference  in  the serine content of raw and cooked 
potato sabji. 
2. There is no significant difference in the tyrosine content of raw and  
cooked potato sabji. 
3. There is no significant difference in the cysteine content of raw and 
cooked potato sabji. 
4. There is no significant difference in the tryptophan content of raw and 
cooked potato sabji. 
5. There is no significant difference in the 2-amino butyric acid content of raw 
and cooked potato sabji. 
6. There is no significant difference in the proline content of raw and cooked 
potato sabji. 
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7. There is no significant difference in the methionine content of raw and 
cooked potato sabji. 
8. There is no significant difference in the valine content of raw and cooked 
potato sabji. 
9. There is no significant difference in the isoleucine content of raw and 
cooked potato sabji. 
10. There is no significant difference in the L-leucine content of raw and 
cooked potato sabji. 
 
B) SENSORY EVALUATION  
Fig. 12: Potato Sabji Cooked by Different Methods 
 
 
 
 
      
A-Conventional     B-Microwave  C-Solar 
 
Table 58: Mean Hedonic Score of Potato Sabji Cooked by Different Methods 
Sensory characteristics Conventional Microwave Solar 
Colour 8.2 8.4 8.7 
Odour 8.8 7.8 7.6 
Texture 8.8 8 7.6 
Taste 8.8 8 7.6 
Overall acceptability 8.8 8 7.6 
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Table 59: Statistical Analysis of Data of Mean Hedonic Score of Potato 
Sabji Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 2.506667 4 0.626667 0.008879 
Treatment 19.96 2 9.98 0.141406 
Error 10092.53 143 70.57716   
Total 10115 149     
       Fcal(0.141406) < Ftab(3.059376), therefore the difference is insignificant.   
Table 60: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Potato Sabji Cooked by Different Methods 
Sensory characteristics 
Groups 
C-M C-S M-S 
Colour NS NS NS 
Odour NS NS NS 
Texture NS NS NS 
Taste NS NS NS 
Overall acceptability NS NS NS 
C-M  Conventional-Microwave , C-S Conventional-Solar, M-S  Microwave-Solar                                                 
S-Significant,    NS- Not significant                                                                                      
Colour: Microwave cooked sabji scored the highest for colour. Conventionally 
cooked sabji showed some caramelization of starch. Solar cooked sabji 
appeared little moist due to condensation of water, and showed little 
discolouration, probably a result of slow, prolong cooking. 
 
Odour: Conventionally cooked sabji was preferred for its pleasant aroma. The 
next in order was microwave cooked sabji. Solar cooked sabji scored the least. 
Heating for comparatively longer time, though in covered container, could have 
possibly resulted in greater loss of volatile flavour compounds. 
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Texture: The order of liking for texture was - conventionally cooked sabji, 
microwave cooked sabji, and solar cooked sabji. Microwave and solar cooked 
sabji did not appear as dry and crisp as conventionally cooked sabji, and had 
some extra moisture in the form of condensed steam due to lid used while 
cooking. 
 
Taste: The order of liking for taste was - conventionally cooked sabji, microwave 
cooked sabji, and solar cooked sabji. 
 
Overall acceptability: The order of overall acceptability was the same as in case 
of other attributes, i.e. conventionally cooked sabji, microwave cooked and solar 
cooked sabji. Cooking in covered containers in microwave and solar cooker 
caused condensation of vapour on the surface of sabji which resulted in 
comparatively low scores. 
 
On the basis of statistical analysis in Tables 59 and 60, the following hypotheses 
were accepted: 
1. There is no significant difference in the colour of potato sabji cooked by 
different cooking methods. 
2. There is no significant difference in the odour of potato sabji cooked by 
different cooking methods. 
3. There is no significant difference in the texture of potato sabji cooked by 
different cooking methods. 
4. There is no significant difference in the taste of potato sabji cooked by 
different cooking methods. 
5. There is no significant difference in the overall acceptability of potato sabji 
cooked by different cooking methods. 
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C) BACTERIAL LOAD STUDY 
Table 61: Bacterial Count (cfu/ml) of Potato Sabji Cooked by Different 
Methods 
Conventional Microwave Solar 
6 x 10 7.5 x 10 3 x 10 
 
Conventional cooking and microwave cooking took shorter time compared to 
solar cooking. This could result in lower internal temperature. It is necessary to 
hold food at high temperature for some time for maximum destruction of 
microorganisms. In solar cooking, this requirement was fulfilled and hence a 
minimum bacterial load was observed. 
 
The microwave energy was not as effective as hot water in destroying 
microorganisms on cut-up chicken parts. Failure to uniformly expose all surfaces 
of the cut-up chicken to the microwave energy might explain the higher 
microorganisms count with this method. The non uniform heating characteristic of 
microwave energy has been reported by Co and Livingston (1969). Copson 
(1962) also postulated that there are regions within a microwave oven where 
organisms remain unharmed. It was well documented by Goldblith and Wang 
(1967) and Lechowich et al. (1964) that death of microorganisms exposed to 
microwaves was due to thermal effects and not to microwaves per se. 
Statistical analysis by percentage ratio suggested significant difference among 
bacterial count of potato sabji cooked by different methods. Thus the hypothesis 
that there is no significant difference in the bacterial load of potato sabji cooked 
by different methods was rejected. 
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4.5 PALAK SABJI 
 
Many types of green leafy vegetables (GLVs) are consumed all over our country. 
The commonly consumed greens are palak, amaranth, fenugreek, drumstick, 
mint, etc. The green leafy vegetables are rich source of calcium, iron, beta-
carotene, vitamin C, riboflavin and folic acid. GLVs must be consumed by all to 
obtain much needed minerals and vitamins. 
 
In the present study, palak sabji was prepared by conventional method 
(combination of sautéing and simmering), microwave and solar cooking. It was 
subjected to sensory evaluation and nutritional analysis. Conventionally cooked 
and microwave cooked sabji were reheated and again subjected to sensory 
evaluation and nutritional analysis. The results were as discussed. 
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A) NUTRITIONAL EVALUATION 
Table 62: Nutritional Analysis of Raw Palak, Cooked and Reheated Palak Sabji 
    Source: C. Gopalan, Nutritive Value of Indian Foods (1991) 
Table 63: Statistical Analysis of Data of Nutritional Analysis of Raw Palak, Cooked and Reheated Palak Sabji 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 251828.1 7 35975.45 179.0401 
Treatment 5441.808 5 1088.362 5.416481 
Error 26322.51 131 200.9352   
Total 283592.5 143     
                                             Fcal(5.416481) > Ftab(2.283389), therefore the difference is significant.   
Parameter Reported 
value* 
Palak 
 
Obtained 
value - 
Raw palak 
       Cooking methods 
Conven-
tionally 
Reheated 
Microwave 
Reheated 
Conven- 
tional 
Micro- 
wave Solar 
Cooking time (min) - - 7 3.30 30 0.30 0.30 
Endpoint temp.  (ºC) - - 78 76 72 52 50 
pH - 5.24 5.27 5.29 5.15 5.41 5.4 
Moisture (%) 92.1 93.59 85.68 88.51 87.9 85.82 88.78 
Protein (%) 2.0 2.46 2.28 1.95 1.9 2.25 1.9 
Carbohydrates (%) 2.9 2.2 2.77 2.07 2.5 2.95 2.06 
Ash (%) 1.77 1.22 1.09 0.89 0.82 1.06 0.84 
Iron (mg/100g) 1.14 1.32 1.39 1.11 1.17 1.37 1.09 
Vitamin C (mg/100g) 28.0 26.5 19.5 16.5 6 14 13.5 
Total free amino acids (mg/100g) - 200 112.8 91 77.2 102.2 83.8 
1
2
7
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Table 64: Statistical Analysis (Percentage Ratio) and Interpretation of Data of Nutritional Analysis of Raw Palak, 
Cooked and Reheated Palak Sabji 
Parameters Groups 
R-C R-M R-S R-CR R-MR C-M C-S C-CR C-MR M-S M-CR M-MR S-CR S-MR CR-MR 
pH NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Moisture (%) NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Protein (%) NS S S NS S NS S NS S NS NS NS NS NS NS 
Carbohydrates (%) S NS NS S NS S NS NS S S S NS NS S S 
Ash (%) NS S S NS S S S NS S NS NS NS S NS S 
Iron (mg/100 g) NS NS NS NS S S NS NS S NS S NS NS NS S 
Vitamin C (mg/100 g) S S S S S NS S S S S NS S S S NS 
Total free amino  acids 
(mg/100 g) 
S S S S S S S NS S NS NS NS S NS S 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, R-CR raw - conventionally reheated, R-MR raw - microwave reheated,   C-M, Conventional-Microwave,                      
C-S Conventional-Solar, C-CR conventional - conventionally reheated, C-MR conventional - microwave reheated, M-S  Microwave-Solar, M-CR microwave - conventionally reheated, 
M-MR microwave - microwave reheated, S-CR solar –conventionally reheated, S-MR solar - microwave reheated,  CR-MR conventionally  reheated - microwave reheated                                     
S-  Significant, NS- Not significant 
1
2
8
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Cooking time and endpoint temperature 
Microwave cooked sabji took the least time to prepare, while solar cooked sabji 
took the maximum time.  Temperature measured at doneness showed little 
difference, being 78ºC for conventional cooking, 76ºC for microwave cooking, 
and 72ºC for solar cooking. Conventionally cooked and microwave cooked sabji 
were reheated for 30 sec. with 1 teaspoon of water added after half an hour of 
cooking. Temperature of reheated sabji was 52ºC for conventionally cooked and 
reheated sabji, and 50ºC for microwave cooked and reheated sabji. 
 
pH 
pH of raw palak was 5.24. Cooking did not bring about significant change in the 
pH value of conventionally cooked, microwave cooked and solar cooked sabji. 
Reheating of conventionally cooked and microwave cooked sabji showed slight 
increase in pH, from 5.27 to 5.41 and 5.29 to 5.40 respectively. 
 
pH of raw, cooked and reheated sabji showed no significant difference. Therefore 
the hypothesis that there is no significant difference in the pH of raw, cooked  
and reheated sabji was accepted. 
 
 
Moisture 
 
Conventionally cooked sabji lost more moisture compared to microwave cooked 
and solar cooked sabji. Conventional cooking was done initially by sautéing, 
stirring the palak in open pan, followed by simmering with lid. Greater loss of 
moisture could have resulted during open pan cooking of palak in the beginning. 
Both, microwave and solar cooking were done in covered containers that caused 
lesser moisture loss. Moisture content of raw, cooked and reheated sabji did not 
vary significantly. Therefore the hypothesis that there is no significant difference 
in the moisture content of raw, cooked and reheated sabji was accepted. 
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Protein 
Protein content decreased on cooking. Content of protein was 2.46 g/100 g in 
raw palak. Sabji cooked conventionally had 2.28 g protein, which showed further, 
though not significant reduction on reheating,  being 2.25 g. Microwave cooked 
sabji had 1.95 g protein, which on reheating reduced to 1.90 g. Solar cooked 
sabji had protein content of 1.9 g. On basis of dry weight, protein loss could be 
expressed as 3.23%, 0.96%, 3.64%, 3.29% and 1.24% for conventionally 
cooked, microwave cooked, solar cooked, conventionally cooked and reheated, 
and microwave cooked and reheated sabji respectively. 
 
Protein content varied significantly in the following treatments – (i) raw and 
microwave (ii) raw and solar (iii) raw and microwave reheated (iv) conventional 
and solar (v) conventional and microwave reheated. Therefore the hypothesis 
that there is no significant difference in the protein content of raw, cooked  and 
reheated sabji was rejected. 
Carbohydrates 
Carbohydrate content slightly increased on cooking. Carbohydrate in raw palak 
was 2.2 g/100 g. Carbohydrate content was 2.77 g on conventional cooking, 2.07 
g on microwave cooking, 2.5 g on solar cooking, 2.95 g in conventionally cooked 
and reheated sabji, and 2.06 g in microwave cooked and reheated sabji. 
Microwave cooked sabji contained more moisture, and microwave reheating was 
done with little water added which further increased moisture content. As a result, 
these sabji exhibited low value of carbohydrate on freah basis. Carbohydrate 
content when calculated as percentage of dry matter showed rise of 2.85% in 
microwave cooked sabji, to 8.18% in conventionally cooked and reheated sabji.  
 
Carbohydrate content varied significantly in the following treatments – (i) raw and 
conventional (ii) raw and conventionally reheated (iii) conventional and 
microwave (iv) conventional and microwave reheated (v) microwave and solar 
(vi) microwave and conventionally reheated (vii) solar and microwave reheated 
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(viii) conventionally reheated and microwave reheated. Therefore the hypothesis 
that there is no significant difference in the carbohydrate content of raw, cooked 
and reheated sabji was rejected. 
Ash 
Ash content of palak was 1.22 g/100 g. Conventionally cooked sabji had 1.09 g 
ash. On reheating, this value further declined to 1.06 g. Microwave cooked sabji 
had 0.89 g ash, which on reheating reduced to 0.84 g. Solar cooked sabji had 
0.82 g ash. Thus, the reduction in ash content ranged from 0.87% on microwave 
cooking to 1.84% on solar cooking as inferred from dry weight of samples.  
 
Ash content varied significantly in the following treatments – (i) raw and 
microwave (ii) raw and solar (iii) raw and microwave reheated (iv) conventional 
and microwave (v) conventional and solar (vi) conventional and microwave 
reheated (vii) solar and conventionally reheated (viii) conventionally reheated and 
microwave reheated. Therefore the hypothesis that there is no significant 
difference in the ash content of raw, cooked and reheated sabji was rejected. 
Iron 
Iron content in raw palak was 1.32 mg/100 g. Cooked sabji showed the iron 
content of 1.38 mg for conventional, 1.11 mg for microwave, 1.17 mg for solar , 
1.37 mg for conventionally reheated, and 1.08 mg for microwave reheated sabji. 
 
Iron content varied significantly in the following treatments – (i) raw and 
microwave reheated (ii) conventional and microwave (iii) conventional and 
microwave reheated (iv) microwave and conventionally reheated (v) 
conventionally reheated and microwave reheated. Therefore the hypothesis that 
there is no significant difference in the iron content of raw, cooked and reheated 
sabji was rejected. 
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Vitamin C 
Palak is a good source of vitamin C. 26.5 mg/100 g of vitamin C in raw palak 
showed losses ranging from 26.4% in conventionally cooked sabji to 77.4% in 
solar cooked sabji. Vitamin C content of conventionally cooked sabji was 19.5 
mg. Oil used as cooking medium could have had protective effect on the vitamin 
by preventing the losses due to oxidation. Vitamin C content of conventionally 
cooked and reheated sabji was 14.0 mg, suggesting a total loss of 47.2% 
vitamin. Microwave cooked sabji contained 16.5 mg vitamin C, i.e. 62.3% 
retention, and 13.5 mg in microwave cooked and reheated sabji, which meant a 
total retention of 50.9% of vitamin C. Solar cooking, due to longer time of cooking 
resulted in very high destruction of vitamin C. 
 
Vitamin C content varied significantly among the following treatments – raw and 
all cooked and reheated, as well as among (i) conventional and solar (ii) 
conventional and conventionally reheated (iii) conventional and microwave 
reheated (iv) microwave and solar (v) microwave and microwave reheated (vi) 
solar and conventionally reheated (vii) solar and microwave reheated. Therefore 
the hypothesis that there is no significant difference in the vitamin C content of 
raw, cooked and reheated sabji was rejected. 
Total free amino acids (FAA) 
Heating has destructive effect on FAA content. FAA content of raw palak was 
200 mg/100 g, while that of conventional, microwave, solar, conventionally 
cooked and reheated, and microwave cooked and reheated sabji was 112.8 mg, 
91 mg, 77.2 mg, 102.2 mg and 83.8 mg respectively. Thus retention of FAA was 
the highest, of the order of 57% in conventionally cooked sabji. On reheating, this 
value declined to 52%. Microwave cooked and microwave reheated sabji 
retained 46% and 42% FAA respectively. Solar cooked sabji suffered the highest 
loss of FAA, of the order of 61%. 
 
133 
 
Content of total free amino acids varied significantly in the following treatments –
raw and all cooked and reheated, as well as among (i) conventional and 
microwave (ii) conventional and solar (iii) conventional and microwave reheated 
(iv) solar and conventionally reheated (v) conventionally reheated and microwave 
reheated. Therefore the hypothesis that there is no significant difference in the 
content of total free amino acids of raw, cooked and reheated sabji was rejected. 
 
Fig. 13: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw Palak and Palak Sabji 
 
 
 
 
 
 
 
 
 
 
 
Raw,  Std.-Standard (Authenticated a.acids),    Con.-Conventional,    CR-Conventionally                  
cooked and reheated,  Sol.-Solar, Mic.-Microwave,  MR-Microwave cooked and reheated 
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Table 65: FAA Isolated and Identified in Raw Palak, Cooked and Reheated 
Palak Sabji and their Concentration 
Amino acid Std. 
Rf 
Obtained  
Rf 
Amino acid concentration (mg/100 g) 
Raw Con. Mic. Sol. CR MR 
Glutamic  acid 0.30 0.30 92 52 50 38 50 48 
Tryptophan 0.48 0.45 50 22 20 17 22 18 
Methionine 0.64 0.60 6 4.8 4 1.8 4.2 2 
Phenylalanine 0.77 0.76 22 14 6 9 13 5 
Isoleucine 0.86 0.86 22 14 11 11.4 13 10.8 
L-leucine 0.91 0.91 8 6 0 0 0 0 
Total - - 200 112.8 91 77.2 102.2 83.8 
 
 
Table 66: Statistical Analysis of Data of Concentration of Free Amino Acids 
in Raw Palak, Cooked and Reheated Palak Sabji 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 34239.44 5 6847.889 170.5195 
Treatment 5046.344 5 1009.269 25.13184 
Error 3895.421 97 40.15898  
Total 43181.21 107   
          Fcal(25.13184) > Ftab(2.3082), therefore the difference is significant.   
 
Content of all amino acids decreased on cooking. Phenylalanine suffered the 
highest loss in microwave cooked and reheated sabji. Another striking 
observation of the study was that L-leucine was completely destroyed in sabji 
cooked by microwave, solar energy and both the reheated samples. 
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Table 67: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Raw Palak, Cooked and Reheated 
Palak Sabji 
Amino acid Groups 
R-
C 
R-
M 
R-
S 
R-
CR 
R-
MR 
C-
M 
C-
S 
C-
CR 
C-
MR 
M-
S 
M-
CR 
M-
MR 
S-
CR 
S-
MR 
CR-
MR 
Glutamic  acid S S S S S NS S NS NS S NS NS S S NS 
Tryptophan S S S S S NS S NS S NS NS NS S NS S 
Methionine S S S S S S S NS S S NS S S NS S 
Phenylalanine S S S S S S S NS S S S S S NS S 
Isoleucine S S S S S S S NS S NS NS NS NS NS S 
L-leucine S S S S S S S S S NS NS NS NS NS NS 
R-C Raw-Conventional,     R-M Raw-Microwave,     R-S Raw-Solar,       R-CR Raw- Conventionally reheated, R-MR  Raw-
Microwave reheated, C-M Conventional-Microwave, C-S Conventional-Solar, C-CR Conventional-Conventionally 
reheated, C-MR Conventional-Microwave reheated,   M-S Microwave-Solar,  M-CR Microwave-Conventionally reheated,                  
M-MR Microwave-Microwave reheated,  S-CR Solar- Conventionally reheated,  S-MR Solar-Microwave reheated,                     
CR-MR Conventionally reheated-Microwave reheated                                              S – Significant , NS – Not significant 
On the basis of statistical analysis in Tables 66 and 67, the following hypotheses 
were rejected:  
1. There is no significant difference in the glutamic acid content of raw palak, 
cooked and reheated sabji. 
2. There is no significant difference in the tryptophan content of raw palak, 
cooked and reheated sabji. 
3. There is no significant difference in the methionine content of raw palak, 
cooked and reheated sabji. 
4. There is no significant difference in the phenylalanine content of raw 
palak, cooked and reheated sabji. 
5. There is no significant difference in the isoleucine content of raw palak, 
cooked and reheated sabji. 
6. There is no significant difference in the L-leucine content of raw palak, 
cooked and reheated sabji. 
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B) SENSORY EVALUATION 
Fig. 14: Palak Sabji Cooked and Reheated by Different Methods 
                                                                                                                                                        
  
 
                   
 
 
 
 
 
A-Conventional,  B-Microwave ,  C-Solar,  D-Conventionally reheated,  E-Microwave reheated 
Table 68: Mean Hedonic Score of Palak Sabji Cooked and Reheated by 
Different Methods 
Sensory characteristics Con. Mic. Solar CR MR 
Colour 8.2 8.9 6.0 8.2 8.8 
Odour 8.6 8.6 8.2 8.5 8.5 
Texture 8.4 8.2 8.0 8.4 8.2 
Taste 8.6 7.8 8.0 8.5 7.7 
Overall acceptability 8.6 8.4 7.4 8.5 8.4 
Table 69: Statistical Analysis of Data of Mean Hedonic Score of Palak Sabji 
Cooked and Reheated by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 7.256 4 1.814 0.025452 
Treatment 34.056 4 8.514 0.119457 
Error 17176.69 241 71.27256   
Total 17218 249     
       Fcal(0.119457) < Ftab(2.4091), therefore the difference is insignificant.   
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Table 70: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Palak Sabji Cooked and Reheated by Different 
Methods 
Sensory 
characteri-
stics 
Groups 
 
C-M C-S C-CR C-MR M-S M-
CR 
M-
MR 
S-
CR 
S-
MR 
CR-
MR 
Colour NS S NS NS S NS NS S S NS 
Odour NS NS NS NS NS NS NS NS NS NS 
Texture NS NS NS NS NS NS NS NS NS NS 
Taste NS NS NS NS NS NS NS NS NS NS 
Overall 
acceptability 
NS NS NS NS NS NS NS NS NS NS 
C-M Conventional-Microwave,  C-S Conventional-Solar, C-CR Conventional-Conventionally reheated, C-MR 
Conventional-Microwave reheated, M-S Microwave-Solar,  M-CR Microwave-Conventionally reheated,  M-MR Microwave-
Microwave reheated,  S-CR Solar- Conventionally reheated,  S-MR Solar-Microwave reheated,  CR-MR Conventionally 
reheated-Microwave reheated                                                                                  S – Significant , NS – Not significant 
 
Colour: Microwave cooked sabji retained the colour which was maintained even 
on reheating. Solar cooked sabji developed an unpleasant, and unacceptable 
olive green colour. Conversion of chlorophyll to phoephytin is responsible for this 
colour change. Conventional cooking and reheating did not have any adverse 
effect on the pigment of palak. 
 
Statistical analysis by percentage ratio showed significant difference in the 
scores for colour in (i) conventional and solar (ii) microwave and solar (iii) solar 
and conventionally reheated (iv) solar and microwave reheated samples. 
 
Odour: Except for solar cooked sabji, which lost its flovour compounds possibly 
due to prolonged heating, all other samples had good aroma which was not 
much affected even by reheating. 
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Texture: Conventionally cooked sabji showed the best texture, followed by 
microwave. Last in the order was solar cooked sabji. As the duration of reheating 
was very short, it did not alter the texture, resulting in no difference in score for 
conventionally reheated sabji, and slightly low score for microwave reheated 
sabji. 
 
Taste: Conventionally cooked sabji was superior, followed by solar cooked sabji. 
Microwave cooked sabji scored the least for this attribute. Reheating, either 
conventionally or by microwave did not affect the taste adversely. 
 
Overall acceptability: Conventionally cooked sabji was found to be the most 
acceptable, followed closely by microwave cooked sabji. Solar cooked sabji was 
last in the order of overall acceptability. Scores of conventionally cooked and 
reheated, and microwave cooked and reheated sabji showed that they were 
highly acceptable, and better than solar cooked sample. 
 
On the basis of statistical analysis in Table 70, the following hypotheses were 
accepted: 
1. There is no significant difference in the odour of palak sabji cooked and 
reheated by different cooking methods. 
2. There is no significant difference in the texture of palak sabji cooked and 
reheated by different cooking methods. 
3. There is no significant difference in the taste of palak sabji cooked and 
reheated by different cooking methods. 
4. There is no significant difference in the overall acceptability of palak sabji 
cooked and reheated by different cooking methods. 
The following hypothesis was rejected: 
1. There is no significant difference in the colour of palak sabji cooked and 
reheated by different cooking methods. 
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C) BACTERIAL LOAD STUDY 
Table 71: Bacterial Count (cfu/ml) of Palak Sabji Cooked by Different 
Methods 
Conventional Microwave Solar 
3.4 x 102 3.9 x 102 1.4 x 102 
 
Conventionally cooked and microwave cooked sabji showed a high bacterial 
count of 3.4 x 102 and 3.9 x102 respectively. Solar cooked sabji showed a 
comparatively low count of 1.4x102. Solar cooking takes longer to cook, and the 
food is held at high temperature for considerably long time which destroys larger 
number of microorganisms. Conventional and microwave cooking took less time 
to cook and hence resulted in larger number of surviving cells. 
 
Statistical analysis by percentage ratio showed significant difference in the 
bacterial count of palak sabji made by following methods – (i) conventional and 
solar (ii) microwave and solar cooking. Therefore the hypothesis that there is no 
significant difference in the bacterial load of palak sabji cooked by different 
methods was rejected. 
 
4.6 MUNG DAL 
 
Pulses are rich source of protein in our diets. In a vegetarian diet or a diet 
containing low amounts of animal foods, they are an important source of protein. 
In amounts used, pulses and legumes do not contribute much to the total mineral 
intake. However being rich in B-vitamins they can contribute significantly to B-
vitamin intake. Like cereals they do not contain any vitamin A or vitamin C, but 
germinated legumes contain some vitamin C. The protein of pulses is of low 
quality since it is deficient in methionine. However, it is rich in lysine. 
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In the present study, mung dal was cooked conventionally by boiling, by 
microwave and solar cooking. It is important to note that the cooked samples 
were prepared in three times water (v/v), meaning 100 gm cooked mung dal 
contained about 25 – 27 gm dal. As the amount of dal showed large difference in 
raw and cooked samples, statistical analysis by percentage ratio and comparison 
of obtained data had to be restricted to cooked samples only. 
 
The results of nutritional analysis and sensory evaluation were as presented. 
 
A) NUTRITIONAL EVALUATION 
 
Table 72: Nutritional Analysis of Raw and Cooked Mung Dal  
Parameter Reported 
value* 
Obtained 
Value - 
Raw 
       Cooking methods 
Conven-
tional 
Micro-
wave Solar 
Cooking time (min) - - 10 13 60 
Endpoint temp. (ºC) - - 86 85 82 
pH - 5.16 5.39 5.35 5.34 
Moisture (%) 10.1 10.59 63.22 68.8 70.31 
Protein (%) 24.5 23.8 8.19 7.7 7.18 
Carbohydrates (%) 59.9 59.8 26.07 21.12 20.25 
Ash (%) 3.5 3.22 1.13 1.04 0.96 
Iron (mg/100 g) 3.9 3.12 1.25 1.05 1.0 
Total free amino 
acids (mg/100 g) 
 
- 640 300 410 350 
Source: C. Gopalan, Nutritive Value of Indian Foods (1991) 
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Table 73: Statistical Analysis of Data of Nutritional Analysis of Raw and 
Cooked Mung Dal 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 1712698 6 285449.6 110.72 
Treatment 29238.89 3 9746.298 3.780387 
Error 190781 74 2578.121  
Total 1932718 83   
       Fcal(3.780387) > Ftab(2.72828), therefore the difference is significant.   
 
Table 74: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Raw and Cooked Mung Dal 
Parameters Groups 
C-M C-S M-S 
pH NS NS NS 
Moisture (%) NS NS NS 
Protein (%) NS NS NS 
Carbohydrates (%) S S NS 
Ash (%) NS NS NS 
Iron (mg/100 g) NS S NS 
Total free amino acids (mg/100 g) S NS NS 
C-M  Conventional-Microwave,  C-S Conventional-Solar, M-S  Microwave-Solar                                                              
S-Significant,  NS- Not significant 
 
Cooking time and endpoint temperature 
Dal cooked conventionally in uncovered pan was cooked in 10 min., by 
microwave in 13 min, and by solar cooking in 1 hour. Temperature measured at 
endpoint was 86ºC, 85ºC and 82ºC for conventional, microwave and solar 
cooked dal respectively. Though the difference in endpoint temperature of 
conventional and microwave cooking was of 1ºC, the effect on carbohydrate and 
total free amino acids was remarkable.  
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pH 
pH of raw dal was 5.16. Cooking resulted in slight increase, but different  cooking 
methods did not bring about significant change in pH. So the hypothesis stating 
that there is no significant difference in the pH of raw and cooked dal was 
accepted. 
Moisture 
Conventional cooking in uncovered pan caused greater loss of moisture. Solar 
cooked dal retained greater moisture giving soggy consistency to the cooked dal. 
 
Statistical analysis showed no significant difference among moisture content of 
cooked samples. Thus the hypothesis stating that there is no significant 
difference in the moisture content of cooked dal was accepted. 
Protein 
Protein content of raw dal was 23.8 g/100 g. 100 g cooked sample would contain 
about 25 to 27 g dal i.e. 5.95 to 6.43 g protein. Conventionally cooked dal 
contained 8.19 g, microwave cooked dal contained 7.7 g and solar cooked dal 
contained 7.18 g protein, the apparent rise due to loss of moisture. The loss in 
protein content ranged from 0.72% in microwave cooked dal, to 3.13% in 
conventionally cooked dal when calculated on basis of dry matter.  
 
Statistical analysis showed no significant difference among protein content of 
cooked samples. Thus the hypothesis stating that there is no significant 
difference in the protein content of cooked dal was accepted. 
Carbohydrates 
Carbohydrate content of raw dal was 59.8 g/100 g. Content of carbohydrate in 25 
to 27 g dal would be 14.95-16.15 g. Carbohydrate content was 26.07 g in 
conventionally cooked dal, 21.12 g in microwave cooked dal and 20.25 g in solar 
cooked dal. The rise in carbohydrate was highest in conventionally cooked dal.  
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Statistical analysis showed significant difference among carbohydrate content of 
(i) conventional and microwave (ii) conventional and solar cooked samples. Thus 
the hypothesis stating that there is no significant difference in the carbohydrate 
content of cooked dal was rejected. 
Ash 
Ash content of raw dal was 3.22 g/100. 25-27 g would contain 0.81- 0.87 g ash. 
Ash content on cooking was – 1.13 g, 1.0 g and 0.96 g for dal cooked 
conventionally, by microwave and by solar cooking respectively. The apparent 
rise in ash could be attributed to concentration effect or loss of moisture. The loss 
of minerals was maximum on conventional cooking (0.38%), and minimum on 
microwave cooking (0.11%) as inferred on basis of dry weight.  
 
Statistical analysis showed no significant difference among ash content of  
cooked samples. Thus the hypothesis stating that there is no significant 
difference in the ash content of cooked samples was accepted. 
Iron 
Iron content of raw dal was 3.12 mg/100 g, and of cooked dal  was 1.25 mg, 1.05 
mg and 1.00 mg for conventional, microwave and solar cooked samples. 
Statistical analysis showed significant difference in iron content of (i) 
conventional and solar cooked samples. Thus the hypothesis stating that there is 
no significant difference in the iron content of cooked dal was rejected. 
Total free amino acids (FAA) 
FAA content of raw mung dal was 640 mg/100 g. As mentioned earlier, 100 g 
cooked sample contained about 25 to 27 g raw dal which would have FAA 
content ranging from 160 to 172 mg. When cooked conventionally, the FAA 
content obtained was 300 mg. This means that heat treatment increased the FAA 
content of dal which could be due to some hydrolysis of protein. Similar increase 
in the content of FAA was observed in microwave and solar cooked dal also. Dal 
cooked in microwave showed the FAA content of 410 mg, being significantly 
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greater than conventionally cooked dal. The FAA content of solar cooked dal was 
350 mg, being second in order of increase. 
 
Statistical analysis showed significant difference among total free amino acids  
content of (i) conventional and microwave cooked samples. Thus the hypothesis 
stating that there is no significant difference in total free amino acid content of 
cooked dal was rejected. 
 
 
Fig. 15: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw and Cooked Mung Dal 
 
 
 
 
 
 
 
 
 
 
 
 
Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional, Mic.-Microwave,                                                                
Sol.-Solar 
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Table 75: FAA Isolated and Identified in Raw and Cooked Mung Dal and 
their Concentration  
Amino acid Std.  
Rf 
Obtained  
Rf 
Amino acid concentration (mg/100 g) 
Raw Conven- 
tional 
Micro- 
wave 
Solar 
Glycine 0.18 0.16 34 18 36 18 
Tyrosine 0.34 0.33 267.8 131.2 175 165 
Tryptophan 0.48 0.43 54 20 34.8 18 
2-amino  butyric acid 0.56 0.54 74 32 45 46 
Methionine 0.64 0.63 6.2 2.8 3.2 3.6 
Phenylalanine 0.77 0.71 30 12 16 17 
Valine 0.79 0.75 90 44 58 44 
Isoleucine 0.86 0.84 30 14 13 13.4 
L-leucine 0.91 0.91 54 26 29 25 
Total -  640 300 410 350 
 
Table 76: Statistical Analysis of Data of Concentration of Free Amino Acids 
in Raw and Cooked Mung Dal 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 281618.9 8 35202.36 12.8898 
Treatment 22633.78 3 7544.593 2.762551 
Error 262178.3 96 2731.024  
Total 566431 107   
        Fcal(2.762551) > Ftab(2.699393), therefore the difference is significant.   
 
The readings on concentration of FAA revealed a two to two and a half fold  
increase on different cooking methods. Similar increase was seen in cooked rice. 
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Table 77: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Raw and Cooked Mung Dal 
Amino acid 
Groups 
C-M C-S M-S 
Glycine S NS S 
Tyrosine S S NS 
Tryptophan S NS S 
2-amino  butyric acid S S NS 
Methionine NS S NS 
Phenylalanine S S NS 
Valine S NS S 
Isoleucine NS NS NS 
L-leucine NS NS NS 
C-M  Conventional-Microwave     C-S Conventional-Solar       M-S Microwave-Solar                                            
S-Significant                                  NS- Not significant 
On the basis of statistical analysis in Tables 76 and 77, the following hypotheses 
were accepted:  
1. There is no significant difference in the isoleucine content of dal cooked by 
different methods. 
2. There is no significant difference in the L-leucine content of dal cooked by 
different methods. 
 
The following hypothess were rejected:  
1. There is no significant difference in the glycine content of dal cooked by 
different methods. 
2. There is no significant difference in the tyrosine content of dal cooked by 
different methods. 
3. There is no significant difference in the tryptophan content of dal cooked 
by different methods. 
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4. There is no significant difference in the 2-amino butyric acid content of dal 
cooked by different methods. 
5. There is no significant difference in the methionine content of dal cooked 
by different methods. 
6. There is no significant difference in the phenylalanine content of dal 
cooked by different methods. 
7. There is no significant difference in the valine content of dal cooked by 
different methods. 
 
B) SENSORY EVALUATION  
Fig. 16: Mung Dal Cooked by Different Methods 
 
 
 
 
 
 
 
 
 
 
       A-Conventional       B-Microwave  C-Solar 
Table 78: Mean Hedonic Score of Mung Dal Cooked by Different Methods 
Sensory characteristics Conventional Microwave Solar 
Colour 8.5 8.5 8.4 
Odour 8.0 8.5 8.7 
Texture 6.5 8.5 7.5 
Taste 7.0 8.0 7.5 
Overall acceptability 7.4 8.5 7.5 
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Table 79: Statistical Analysis of Data of Mean Hedonic Score of Mung Dal 
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 7.256 4 1.814 0.025452 
Treatment 34.056 4 8.514 0.119457 
Error 17176.69 241 71.27256   
Total 17218 249     
       Fcal(0.119457) < Ftab(3.059376), therefore the difference is insignificant.   
Table 80: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Mung Dal Cooked by Different Methods 
Sensory characteristics 
Groups 
C-M C-S M-S 
Colour NS NS NS 
Odour NS NS NS 
Texture S NS NS 
Taste NS NS NS 
Overall acceptability NS NS NS 
C-M  Conventional-Microwave     C-S Conventional-Solar       M-S Microwave-Solar                                           
S-Significant                       NS- Not significant 
Colour: Cooking method did not have significant effect on colour of cooked dal. 
All the samples scored almost same for this attribute. 
 
Odour: Solar cooked dal retained good aroma. Cooking dal in uncovered pan 
(conventional method) resulted in loss of aroma . 
 
Texture: Microwave cooked dal had the most acceptable texture. The grain 
remained separate and yet soft. On the other hand, conventionally cooked dal 
quickly lost moisture during cooking and so the grain remained slightly hard 
making the dal less acceptable as compared to microwave cooked dal. Dal 
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cooked in solar cooker retained higher moisture content which resulted in soggy 
texture making it less acceptable compared to microwave cooked dal. 
 
Statistical analysis by percentage ratio showed significant difference in the 
scores for texture of (i) conventional and microwave cooked dal. 
 
Taste: Microwave cooked dal had the best taste, followed by solar cooked dal. 
Conventionally cooked dal had slightly hard grain, the texture not considered to 
be very desirable. This  also affected the taste of dal, resulting in low score. 
 
Overall acceptability: The scores for overall acceptability of all samples showed 
considerable difference, but was not significant. Microwave cooked dal was the 
most acceptable, solar cooked dal was the next in order, leaving conventionally 
cooked dal to be the last.  
 
On the basis of statistical analysis in Table 80, the following hypotheses were 
accepted: 
1. There is no significant difference in the colour of mung dal cooked by 
different cooking methods. 
2. There is no significant difference in the odour of mung dal cooked by 
different cooking methods. 
3. There is no significant difference in the taste of mung dal cooked by 
different cooking methods. 
4. There is no significant difference in the overall acceptability of mung dal 
cooked by different cooking methods. 
The following hypothesis was rejected:  
1. There is no significant difference in the texture of mung dal cooked by 
different cooking methods. 
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C) BACTERIAL LOAD STUDY 
Table 81: Bacterial Count (cfu/ml) of Mung Dal Cooked by Different 
Methods 
Conventional Microwave Solar 
1 x 10 1x 10 1 x 10 
 
The number of viable bacteria obtained by standard plate count method showed 
no difference for different cooking methods. Thus the hypothesis that there is no 
significant difference in the bacterial load of mung dal made by different cooking 
methods was accepted. 
 
 
4.7 KHEER 
 
Kheer, an Indian dessert is a delicacy made from milk and rice. One of the ways 
of improving protein quality is to make use of foods from plant origin in 
combination with foods of animal origin. Kheer is one example of food in which 
protein quality is improved by such supplementary action.  
 
Kheer was conventionally prepared by boiling in uncovered pan, by microwave 
and by solar energy. The results of nutritional analysis and sensory evaluation 
follow. 
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A) NUTRITIONAL EVALUATION 
Table 82: Nutritional Analysis of Ingredients of Kheer, Raw Kheer Mixture and Kheer 
Parameter              Milk              Rice Raw 
Kheer  
Mix. 
 
Kheer 
Cooking methods 
Reported 
value* 
Obtained 
value 
Reported 
value* 
Obtained 
value 
Conven-
tional 
Micro- 
wave Solar 
Cooking time (min) - - - - - 20 18 45 
Endpoint temp. 
(ºC) 
- - - - - 
90 82 82 
pH - 6.16 - 3.06 5.3 5.5 5.67 5.5 
Moisture (%) 87.5 84.97 13.7 14 76.3 58.73 59.12 65.85 
Protein (%) 4.3 4.4 6.8 6.3 4.6 7 7 5.82 
Carbohydrates (%) 5.0 4.5 78.2 78.4 13.92 28.26 27.7 22.65 
Ash (%) 0.8 0.68 0.6 0.6 0.64 1.1 1.05 0.68 
Iron (mg/100 g) 0.2 0.3 0.7 0.96 0.32 0.59 0.58 0.48 
Total free amino  
acids (mg/100 g) 
 
- 285 
 
- 
 
140 
 
261 170 248 227 
 Source: C. Gopalan, Nutritive Value of Indian Foods (1991) 
 
1
5
1
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Table 83: Statistical Analysis of Data of Nutritional Analysis of Raw Kheer 
Mixture and Kheer 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 328141.7 6 54690.28 333.5551 
Treatment 1406.9 3 703.4502 4.290331 
Error 8853.936 54 163.9618  
Total 338402.5 62   
       Fcal(4.290331) > Ftab(3.168246), therefore the difference is significant.   
 
Table 84: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Raw Kheer Mixture and Kheer 
Parameters Groups 
R-C R-M R-S C-M C-S M-S 
pH NS NS NS NS NS NS 
Moisture (%) S S S NS NS NS 
Protein (%) S S S NS S S 
Carbohydrates (%) S S S NS S S 
Ash (%) S S NS NS S S 
Iron (mg/100 g) S S S NS S S 
Total free amino acids (mg/100g) S NS NS S S NS 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
Cooking time and endpoint temperature 
Conventional cooking required 20 min., microwave 18 min and solar cooking 
required 45 min. The temperature measured at endpoint was 90ºC for  
conventionally cooked kheer and 82ºC for microwave and solar cooked kheer. 
 
pH 
pH of raw milk was 6.2, of rice was 3.06 and of raw mixture was 5.3. pH of 
conventionally cooked kheer was 5.6, of microwave cooked was 5.7 and of solar 
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cooked kheer was 5.5. Temperature of food cooked in microwave rises much 
quickly compared to conventional and solar cooking, and this is possibly the 
cause of slightly higher pH of microwave cooked food as reported by Fogg and 
Horrison (1975). 
 
Statistical analysis showed no significant difference among the pH of uncooked 
mixture and kheer cooked by different methods. Therefore the hypothesis that 
there is no significant difference in the pH of raw mixture and kheer cooked by 
different methods was accepted. 
Moisture 
Solar cooking being slow process, kheer made in solar cooker retained the 
highest moisture. But greater moisture retention did not give desired consistency 
to the product. Another reason for greater moisture retention in solar cooked 
kheer was that it was cooked in covered container. Conventional and microwave 
cooking resulted in greater moisture loss because of vigorous boiling in both the 
methods. 
 
Statistical analysis showed significant difference in the moisture content of raw 
mixture and all cooked samples but not among kheer cooked by different 
methods. Therefore the hypothesis that there is no significant difference in the 
moisture content of raw mixture and kheer cooked by different methods was 
rejected. 
Protein 
Protein content of milk was 4.4 g/100 g, and of rice was 6.3 g/100 g. Percentage 
of protein in raw mixture of rice, milk and sugar was 4.6 g. Protein content of 
kheer cooked conventionally, by microwave and by solar cooking was 7 g, 7 g 
and 5.82 g respectively. Apparent rise in protein content was due to loss of 
moisture. The protein loss ranged from 2.27% in microwave, to 2.44% in 
conventionally made kheer as calculated on dry basis.  
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Statistical analysis showed significant difference in the protein content of raw and 
all cooked samples as well as among (i) conventional and solar (ii) microwave 
and solar cooked samples. Therefore the hypothesis that there is no significant 
difference in the protein content of raw mixture and kheer cooked by different 
methods was rejected. 
Carbohydrates 
Carbohydrate content of milk was 4.5 g/100 g, and of rice was 78.4 g/100 g. 
Carbohydrate content of raw mixture was 13.92 g. Cooking resulted in increase 
in carbohydrate content. It was 28.26 g in conventionally cooked kheer, 27.7 g in 
microwave cooked kheer, and 22.65 g in solar cooked kheer. The rise in 
carbohydrate content was the highest for kheer made conventionally. 
 
Statistical analysis showed significant difference in the carbohydrate content of 
raw mixture and all cooked samples as well as among (i) conventional and solar 
(ii) microwave and solar cooked samples. Therefore the hypothesis that there is 
no significant difference in the carbohydrate content of raw mixture and kheer 
cooked by different methods was rejected. 
Ash 
Ash content of milk was 0.68 g/100 g, and of rice was 0.6 g/100 g. Ash content of 
raw kheer mixture was 0.64 g. Ash content of kheer made by conventional 
method was 1.1 g, of microwave was 1.05 g, and of solar was 0.68 g, the 
apparent rise due to loss of moisture. Reduction in ash content ranged from 
0.03% in conventionally cooked kheer to 0.71% in solar cooked kheer as 
calculated on dry basis.  
 
Statistical analysis showed significant difference in the ash content of raw 
mixture and all cooked samples as well as among (i) raw and conventional (ii) 
raw and microwave (iii) conventional and solar (iv) microwave and solar cooked 
kheer. Therefore the hypothesis that there is no significant difference in the ash 
content of raw mixture and kheer cooked by different methods was rejected. 
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Iron 
Iron content of milk was 0.3 mg/100 g, and of rice was 0.96 mg/100g. Iron 
content of raw mixture was 0.32 mg/100 g. Kheer made by conventional method, 
microwave and solar cooking had 0.58 mg, 0.57 and 0.47 mg iron, the apparent 
rise due to loss of moisture. 
 
Statistical analysis showed significant difference in the iron content of raw and all 
cooked samples as well as in (i) conventional and solar (iv) microwave and solar 
cooked samples. Therefore the hypothesis that there is no significant difference 
in the iron content of raw mixture and kheer cooked by different methods was 
rejected. 
Total free amino acids (FAA) 
FAA content of raw kheer mixture was 261 mg/100 g. The content of FAA in 
conventional, microwave and solar cooked kheer was 170 mg, 248 mg and 227 
mg respectively. Cooking by different methods resulted in loss ranging from 13% 
in microwave to 35% in conventional method. Loss of FAA in solar cooked kheer 
was 20.4%.  
 
Statistical analysis showed significant difference in the FAA content of (i) raw and 
conventional (ii) conventional and microwave (ii) conventional and solar cooked 
samples. Therefore the hypothesis that there is no significant difference in the 
FAA content of raw mixture and kheer cooked by different methods was rejected. 
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Fig. 17: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw Kheer Mixture and Kheer 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional, Mic.-Microwave, Sol.-Solar 
 
Table 85: FAA Isolated and Identified in Raw Kheer Mixture and Kheer and 
their Concentration  
Amino acid Std. Rf Obtained  
Rf 
Amino acid concentration (mg/100 g) 
Raw Conven- 
tional 
Micro- 
wave 
Solar 
Threonine 0.25 0.25 90 80 104 95 
Alanine 0.36 0.36 22 15 20 22 
Cysteine 0.38 0.40 14.2 4 3.6 11.4 
2-amino  
butyric acid 
 
0.56 0.53 62 30 60 30 
Methionine 0.64 0.66 18.8 9 12.4 16.6 
Phenylalanine 0.77 0.78 54 32 48 52 
Total - - 261 170 248 227 
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Table 86: Statistical Analysis of Data of Concentration of Free Amino Acids 
in Raw Kheer Mixture and Kheer 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 59696.49 5 11939.3 198.691 
Treatment 3414.375 3 1138.125 18.94041 
Error 3785.655 63 60.08976  
Total 66896.52 71   
       Fcal(18.94041) > Ftab(2.750541), therefore the difference is significant.   
 
Threonine content of microwave cooked kheer increased than that in uncooked 
sample. This phenomenon of increase was observed only in one amino acid, in 
one cooking method. In rest, the content of free amino acids declined on cooking. 
Cysteine content suffered the maximum loss on conventional and microwave 
cooking. Alanine content of solar cooked kheer exhibited no loss, again an 
exceptional behaviour. 
 
Table 87: Statistical analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Raw Kheer Mixture and Kheer 
Amino acid Groups 
R-C R-M R-S C-M C-S M-S 
Threonine NS NS NS S NS NS 
Alanine S NS NS S S NS 
Cysteine S S S NS S S 
2-amino butyric acid S NS S S NS S 
Methionine S S NS S S S 
Phenylalanine S NS NS S S NS 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
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On the basis of statistical analysis in Tables 86 and 87, the following hypotheses 
were rejected:  
1. There is no significant difference in the threonine content of raw kheer 
mixture and cooked kheer. 
2. There is no significant difference in the alanine content of raw kheer 
mixture and cooked kheer. 
3. There is no significant difference in the cysteine content of raw kheer 
mixture and cooked kheer. 
4. There is no significant difference in the 2-amino butyric acid content of raw 
kheer mixture and cooked kheer. 
5. There is no significant difference in the methionine content of raw kheer 
mixture and cooked kheer. 
6. There is no significant difference in the phenylalanine content of raw kheer 
mixture and cooked kheer. 
 
B) SENSORY EVALUATION  
Fig. 18: Kheer Cooked by Different Methods 
 
 
A-Conventional  B-Microwave  C-Solar 
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Table 88: Mean Hedonic Score of Kheer Cooked by Different Methods 
Sensory characteristics Conventional Microwave Solar 
Colour 8.6 8.6 7.4 
Odour 8.6 6.8 8.6 
Texture 8.6 7.2 8.2 
Taste 8.8 7.2 8.0 
Overall acceptability 8.8 7.4 8.0 
 
 
Table 89: Statistical Analysis of Data of Mean Hedonic Score of Kheer 
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 0.373333 4 0.093333 0.001374 
Treatment 46.29333 2 23.14667 0.340696 
Error 9715.333 143 67.93939   
Total 9762 149     
       Fcal(0.340696) < Ftab(3.059376), therefore the difference is insignificant.   
 
Table 90: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Kheer Cooked by Different Methods 
Sensory characteristics 
Groups 
C-M C-S M-S 
Colour NS NS NS 
Odour S NS S 
Texture NS NS NS 
Taste S NS NS 
Overall acceptability NS NS NS 
C-M  Conventional-Microwave , C-S Conventional-Solar, M-S  Microwave-Solar                                              
S-Significant,    NS- Not significant                                                                                      
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Colour: Slow, prolonged heating in solar cooker resulted in kheer with very light 
brown tinge thus affecting the score for colour. Conventional and microwave 
cooked  kheer maintained good colour, showed no browning and scored equal 
for colour attribute. 
 
Odour: Kheer made by conventional and solar cooking scored equal for their 
pleasant aroma. Though cooked in uncovered pan, and by continuous vigorous 
boiling, conventionally cooked kheer maintained the aroma. Microwave cooked 
kheer though cooked in covered container did not exhibit good aroma. 
 
Statistical analysis by percentage ratio showed significant difference in the 
scores for odour in (i) conventional and microwave (ii) microwave and solar 
cooked samples. 
 
Texture: Rice in microwave cooked kheer remained slightly hard compared to 
solar and conventionally made kheer, which resulted in low score for texture of 
microwave cooked kheer. 
 
Taste: Statistical analysis by percentage ratio showed significant difference in 
the scores of (i) conventional and microwave cooked samples for taste. 
 
Overall acceptability: Kheer made by conventional method was the most 
acceptable. Solar and microwave cooked kheer were next in order. The scores 
for overall acceptability showed insignificant difference amongst different 
samples.  
 
On the basis of statistical analysis in Table 90, the following hypotheses were 
accepted: 
1. There is no significant difference in the colour of kheer cooked by different 
cooking methods. 
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2. There is no significant difference in the texture of kheer cooked by 
different cooking methods. 
3. There is no significant difference in the overall acceptability of kheer 
cooked by different cooking methods. 
The following hypotheses were rejected: 
1. There is no significant difference in the odour of kheer cooked by different 
cooking methods. 
2. There is no significant difference in the taste of kheer cooked by different 
cooking methods. 
C) BACTERIAL LOAD STUDY 
Table 91: Bacterial Count (cfu/ml) of Kheer Cooked by Different Methods 
Conventional Microwave Solar 
1 x 10 3.5 x 10 3 x 10 
 
Conventional cooking resulted in highest destruction of microorganisms. 
Statistical analysis by percentage ratio revealed significant difference in the 
bacterial count of (i) conventional and microwave (ii) conventional and solar 
cooked kheer. Therefore the hypothesis that there is no significant difference in 
the  bacterial load of kheer cooked by different methods was rejected. 
 
 
4.8 MUTHIYA 
Muthiya is a savory item consumed as snack or as one of the items of meal. It is 
prepared using variety of ingredients. The basic ingredients include flours such 
as wheat flour, chana flour or bajra flour used single, or in combination; 
vegetables such as bottle gourd, spinach, fenugreek leaves, cabbage leaves; 
and cooked rice. The conventional cooking method employed for cooking 
muthiya was direct steaming. Results of analysis were as follows. 
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A) NUTRITIONAL EVALUATION 
Table 92: Nutritional Analysis of Ingredients of Muthiya, Raw and Cooked Muthiya 
Parameter Dudhi (Bottle gourd) Wheat flour Chana flour Muthiya 
Raw 
mix. 
Cooking methods 
Reported 
value* 
Obtained 
value 
Reported 
value* 
Obtained 
value 
Reported  
value* 
Obtained  
value 
Conven- 
tional 
Micro- 
wave Solar 
Cooking time (min)   
- - 
 
- - 
 
- - 
 
- 10 3.30 35 
Endpoint temp.(ºC) - - - - - - - 82 90 85 
pH  - 4.25 - 4.92 - 6.55 3.88 4.72 4.73 4.65 
Moisture (%) 96.1 95.59 12.2 13.12 9.9 13.8 65.8 63.3 63.53 63.27 
Protein (%) 0.2 0.52 12.1 13.2 20.8 18.4 5.01 4.9 4.62 4.73 
Carbohydrates (%) 2.5 2.6 69.4 66.6 59.8 59.4 19.67 23.65 23.76 23.78 
Ash (%) 0.5 0.6 2.7 2.53 2.7 1.92 1.4 1.3 1.14 1.27 
Iron (mg/100g) 0.46 0.42 4.9 4.86 5.3 5.04 2.03 1.8 1.6 1.72 
Total free amino 
acids (mg/100g) 
 
- - 
 
- 
 
- 
 
- 
 
- 
 
340 320 230 300 
  Source: C. Gopalan, Nutritive Value of Indian Foods (1991)  
 Muthiya also contained cooked rice, curd and groundnut. Nutritional analysis of conventionally cooked rice is given on pg. 21, of curd on pg. 
185, and of groundnut on pg. 6.
1
6
2
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Table 93: Statistical Analysis of Data of Nutritional Analysis of Raw and 
Cooked Muthiya 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 848363.8 6 141394 586.384 
Treatment 2895.136 3 965.0453 4.002202 
Error 17843.52 74 241.1286  
Total 869102.4 83   
       Fcal(4.002202) > Ftab(2.72828), therefore the difference is significant.   
 
Table 94: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Raw and Cooked Muthiya 
Parameters Groups 
R-C R-M R-S C-M C-S M-S 
pH S S S NS NS NS 
Moisture (%) NS NS NS NS NS NS 
Protein (%) NS NS NS NS NS NS 
Carbohydrates (%) S S S NS NS NS 
Ash (%) NS NS NS NS NS NS 
Iron (mg/100 g) NS S NS NS NS NS 
Total free amino acids 
(mg/100 g) 
NS S NS S NS S 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
Cooking time and endpoint temperature 
Steam cooking of muthiya took 10 min. Microwave cooking was much faster and 
was accomplished in 3.30 min. Solar cooking required 35 min. Temperature 
measured at endpoint was 82ºC for steam cooked, 90ºC for microwave and 85ºC 
for solar cooked muthiya. A blanket of vapour in steaming resulted in 
comparatively low temperature in steam cooked sample, while dry heat method 
resulted in higher temperatures. 
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pH 
pH of raw mixture of muthiya was 3.9 which increased to 4.72 in conventionally 
cooked muthiya, 4.74 in microwave cooked sample and 4.65 in solar cooked 
sample. Rise in pH of muthiya on cooking was much more compared to other 
samples studied. 
 
Statistical analysis showed significant difference between pH of raw and all 
cooked samples, but not among samples prepared by different cooking methods. 
The hypothesis that there is no significant difference in the pH of raw and cooked 
muthiya was rejected. 
Moisture 
Raw mixture of muthiya contained 65.8% moisture. Moisture content after 
cooking did not vary much for different cooking methods. It was 63.2% for 
conventionally cooked sample, 63.53% for microwave cooked sample, and 
63.27% for solar cooked sample. 
 
Statistical analysis showed no significant difference between moisture content of 
raw and cooked samples, or among samples prepared by different cooking 
methods. The hypothesis that there is no significant difference in the moisture 
content of raw and cooked muthiya was accepted. 
Protein 
Protein content of raw mixture of muthiya was 5.01 g/100 g. Muthiya cooked by 
steaming had 4.9 g protein, reflecting a loss of 1.35%, being the least amongst 
the three samples. Microwave cooked muthiya had 4.62 g protein, a loss of 
1.99%, being the highest amongst the three. Solar cooked muthiya contained 
4.73 g protein i.e. a loss of 1.77%. 
 
Statistical analysis showed no significant difference between protein content of 
raw and cooked samples, or among samples prepared by different cooking 
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methods. Thus the hypothesis that there is no significant difference in the protein 
content of raw and cooked muthiya was accepted. 
 
Carbohydrates 
Carbohydrate content of raw mixture of muthiya was 19.67 g/100 g. After cooking 
by different methods, this content increased, and microwave cooked sample 
exhibited the highest rise. Steam cooked muthiya had 23.65 g carbohydrate, 
microwave cooked muthiya had 23.76 g, and solar cooked muthiya had 23.78 g 
carbohydrates.  
 
Statistical analysis showed significant difference between carbohydrate content 
of raw and all cooked samples, but not among samples prepared by different 
cooking methods. Thus the hypothesis that there is no significant difference in 
the carbohydrate content of raw and cooked muthiya was rejected. 
 
Ash 
Ash content declined on cooking. Ash content of 1.4 g/100 g in raw mixture of 
muthiya reduced to 1.3 g in steamed muthiya, 1.14 g in microwave cooked 
muthiya, and 1.27 g in solar cooked muthiya. The reduction calculated on dry 
weight was 0.53% in steamed muthiya being the least, to 0.93% in microwave 
cooked sample being the highest of the three. 
 
Statistical analysis showed no significant difference between ash content of raw 
and cooked samples, or among samples prepared by different cooking methods. 
Thus the hypothesis that there is no significant difference in the ash content of 
raw and cooked muthiya was accepted. 
 
Iron 
Iron content of raw muthiya mixture was 2.03 mg/100 g, and that of cooked 
muthiya was 1.8 mg in steamed, 1.6 mg in microwave and 1.72 mg in solar 
cooked muthiya. Statistical analysis showed significant difference in iron content 
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of (i) raw and microwave cooked samples. Thus the hypothesis that there is no 
significant difference in the iron content of raw and cooked muthiya was rejected. 
 
Total free amino acids (FAA) 
FAA in raw muthiya mixture was 340 mg/100 g. FAA content of steamed muthiya 
was 320 mg, indicating a loss of 5.9%. Microwave cooked muthiya had FAA 
content of 230 mg, or a loss of 32.4%. Solar cooked muthiya had FAA content of 
300 mg, or a loss of 11.8%.  
 
Statistical analysis showed significant difference in FAA content of (i) raw and 
microwave (ii) conventional and microwave (iii) microwave and solar cooked 
samples. Thus the hypothesis that there is no significant difference in the total 
free amino acids content of raw and cooked muthiya was rejected. 
 
Fig. 19: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Raw and Cooked Muthiya 
 
 
 
 
 
 
 
 
 
 
 
 
 
                        Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional, Mic.-Microwave, Sol.-Solar 
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Table 95: FAA Isolated and Identified in Raw and Cooked Muthiya and their 
Concentration  
Amino acid Std. Rf Obtained  
Rf 
Amino acid concentration (mg/100 g) 
Raw Conven- 
tional 
Micro- 
wave 
Solar 
Glycine 0.18 0.15 31 30 28 26 
Dihydroxy 
phenylalanine 
 
0.21 0.19 29 26 24 24 
Glutamic acid 0.30 0.32 77 74 58 74 
Tryptophan 0.48 0.45 35 34 32 28 
2-amino 
butyric acid 
 
0.56 0.53 47 44 40 42 
Methionine 0.64 0.60 17 16 16 16 
Phenylalanine 0.77 0.74 18 16 16 22 
Valine 0.79 0.78 60 56 16 50 
L-leucine 0.91 0.90 26 24 0 18 
Total  - - 340 320 230 300 
 
  
Table 96: Statistical Analysis of Data of Concentration of Free Amino Acids 
in Raw and Cooked Muthiya 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 30148.8 8 3768.6 92.15661 
Treatment 2280.778 3 760.2593 18.59123 
Error 3925.769 96 40.89343  
Total 36355.34 107   
         Fcal(18.59123) > Ftab(2.699393), therefore the difference is significant.   
 
The extensive loss of FAA in microwave cooked sample can be explained by 
excessive loss of valine (73.4%) and complete loss of L-leucine. 
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Table 97: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Raw and Cooked Muthiya 
Amino acid Groups 
R-C R-M R-S C-M C-S M-S 
Glycine NS NS NS NS NS NS 
Dihydroxy phenylalanine NS S S NS NS NS 
Glutamic acid NS S NS S NS S 
Tryptophan NS NS S NS S NS 
2-amino butyric acid NS NS NS NS NS NS 
Methionine NS NS NS NS NS NS 
Phenylalanine NS NS S NS S S 
Valine NS S S S NS S 
L-leucine NS S S S S S 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
On the basis of statistical analysis in Tables 96 and 97, the following hypotheses 
were accepted:  
1. There is no significant difference in the glycine content of raw and cooked 
muthiya. 
2. There is no significant difference in the 2-amino butyric acid content of 
raw and cooked muthiya. 
3. There is no significant difference in the methionine content of raw and 
cooked muthiya. 
 
The following hypotheses were rejected:  
1. There is no significant difference in the dihydroxy phenylalanine content of 
raw and cooked muthiya. 
2. There is no significant difference in the glutamic acid content of raw and 
cooked muthiya. 
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3. There is no significant difference in the tryptophan content of raw and 
cooked muthiya. 
4. There is no significant difference in the phenylalanine content of raw and 
cooked muthiya. 
5. There is no significant difference in the valine content of raw and cooked 
muthiya. 
6. There is no significant difference in the L-leucine content of raw and 
cooked muthiya. 
 
B) SENSORY EVALUATION  
Fig. 20: Muthiya Cooked by Different Methods 
A-Conventional         B-Microwave          C-Solar 
 
Table 98: Mean Hedonic Score of Muthiya Cooked by Different Methods 
Sensory characteristics Conventional Microwave Solar 
Colour 8.4 8.6 7.0 
Odour 8.8 7.2 8.0 
Texture 8.4 8.0 8.2 
Taste 8.4 7.6 8.6 
Overall acceptability 8.4 7.6 8.2 
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Table 99: Statistical Analysis of Data of Mean Hedonic Score of Muthiya 
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 1.066667 4 0.266667 0.003839 
Treatment 12.04 2 6.02 0.086659 
Error 9933.893 143 69.46779   
Total 9947 149     
     Fcal(0.086659) < Ftab(3.059376), therefore the difference is insignificant.   
 
Table 100: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Muthiya Cooked by Different Methods 
Sensory characterIstics 
Groups 
C-M C-S M-S 
Colour NS S S 
Odour S NS NS 
Texture NS NS NS 
Taste NS NS NS 
Overall acceptability NS NS NS 
C-M  Conventional-Microwave , C-S Conventional-Solar, M-S  Microwave-Solar                                               
S-    Significant    NS- Not significant                                                                                      
Colour: Microwave cooked sample retained the colour of uncooked mixture. 
Solar cooked sample developed light brown crust making it the least acceptable 
of the three samples. Steamed sample due to deposition of condensed steam on 
the surface made the colour slightly dull compared to that of uncooked mixture. 
 
Statistical analysis by percentage ratio showed significant difference in the 
scores of colour in (i) conventional and solar (ii) microwave and solar cooked 
samples. 
 
Odour: Steamed sample scored the highest for its aroma. Second in the order 
was solar cooked sample, and microwave cooked sample scored the least for 
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this characteristic. Statistical analysis by percentage ratio showed significant 
difference in the scores of odour of (i) conventional and microwave cooked 
samples. 
 
Texture: The order of liking for texture was – steamed, solar and microwave 
cooked    sample. 
 
Taste: Solar cooked sample tasted the best, followed by steamed and 
microwave cooked samples. 
 
Overall acceptability: The order of liking for overall acceptability was - steamed, 
solar and microwave cooked sample. 
 
On the basis of statistical analysis in Table 100, the following hypotheses were 
accepted: 
1. There is no significant difference in the texture of muthiya cooked by 
different cooking methods. 
2. There is no significant difference in the taste of muthiya cooked by 
different cooking methods. 
3. There is no significant difference in the overall acceptability of muthiya 
cooked by different cooking methods. 
The following hypotheses  were rejected: 
1. There is no significant difference in the colour of muthiya cooked by 
different cooking methods. 
2. There is no significant difference in the odour of muthiya cooked by 
different cooking methods. 
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C) BACTERIAL LOAD STUDY 
Table 101: Bacterial Count (cfu/ml) of Muthiya Cooked by Different 
Methods 
Conventional Microwave Solar 
3.3 x 102 5.6 x 102 3.3 x 102 
 
Microwave cooked muthiya retained highest number of bacteria. As microwave 
cooking takes lesser time, the temperature inside the food rises fast, but the food 
is not held at high temperature for longer time as in conventional or solar 
cooking. As a result, bacterial load was higher in microwave cooked sample. The 
bacterial load of muthiya was considerably high compared to other recipes. Food 
containing high amount of water, i.e. fruits and vegetables host greater microbial 
load compared to foods that contain less water. Higher bacterial load could be 
due to use of dudhi (bottle gourd) in the sample. 
 
Bacterial load differed significantly in (i) conventional and microwave (ii) 
microwave and solar cooked samples. Therefore the hypothesis that there is no 
significant difference in the bacterial load of muthiya cooked by different methods 
was rejected. 
 
 
4.9 SPONGE CAKE 
 
Sponge cakes are unshortened cakes in which egg is the leavening agent. Eggs 
are rich source of all nutrients except ascorbic acid. Egg proteins have the 
highest nutritive quality as compared to any dietary protein and therefore it is 
used as standard for evaluating the quality of other proteins. Egg white contains 
some anti-nutritional factors which are destroyed on cooking. In the present 
study, cake was made in conventional oven, microwave oven and solar cooker. 
The results of nutritional analysis and sensory evaluation were as described. 
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A) NUTRITIONAL EVALUATION 
Table 102: Nutritional Analysis of Ingredients of Cake, Batter and Cake 
Parameter Egg Maida Cake  
batter 
Cooking methods 
Reported 
 Value* 
Obtained 
value 
Reported 
Value* 
Obtained  
value 
Conven- 
tional 
Micro- 
wave Solar 
Cooking time (min) - - - - - 5 2 30 
Endpoint temp. (ºC) - - - - - 78 75 65 
pH - 6.47 - 6.5 6.51 6.55 6.62 6.43 
Moisture (%)  73.7 73.96 13.3 13.48 41.85 27.06 21.62 22.07 
Protein (%) 13.3 13.65 11.0 10.5 8.62 9.65 9.65 10.68 
Carbohydrates (%) - 11.0 73.9 73.7 47.65 62.4 67.84 66.31 
Ash (%) 1.0 0.96 0.6 0.93 0.65 0.8 0.79 0.84 
Iron (mg/100 g) 2.1 2.76 2.7 2.88 1.93 2.3 2.2 2.44 
Total free amino acids 
(mg/100 g) - 
 
- 
 
- 
 
- 310 232 234 242 
  Source: C. Gopalan, Nutritive Value of Indian Foods (1991) 
 
 
 
 
 
 1
7
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Table 103: Statistical Analysis of Data of Nutritional Analysis of Cake Batter 
and Cake  
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 607452.6 6 101242.1 601.0392 
Treatment 1711.743 3 570.5809 3.38734 
Error 12464.94 74 168.4451  
Total 621629.3 83   
        Fcal(3.38734) > Ftab(2.72828), therefore the difference is significant.  
  
Table 104: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Cake Batter and Cake  
Parameters Groups 
R-C R-M R-S C-M C-S M-S 
pH NS NS NS NS NS NS 
Moisture (%) S S S S S NS 
Protein (%) NS NS S NS NS NS 
Carbohydrates (%) S S S NS NS NS 
Ash (%) S S S NS NS NS 
Iron (mg/100 g) NS NS S NS NS NS 
Total free amino acids 
(mg/100 g) 
S S S NS NS NS 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
 
Cooking time and endpoint temperature 
Baking cake in conventional oven at 175ºC took 5 min. to cook. Microwave 
cooked cake took 2 min and solar cooking took 30 min. Temperature measured 
at doneness was 78ºC for conventionally baked cake, 75ºC for microwave 
cooked cake and 65ºC for solar cooked cake. 
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pH 
pH of uncooked egg batter was 6.51. Cooking resulted in slight increase in pH  
which was 6.55 for conventional and 6.61 for microwave cooked cake. Slightly 
higher pH value of microwave cooked food has been attributed to quick rise in 
temperature of food by Fogg and Horrison (1975). Solar cooked cake showed 
decrease in pH (6.43), the reason for which remains unexplained. 
 
There was no significant difference among pH value of cake batter (raw) and 
cake baked by different methods. So the hypothesis that there is no significant 
difference in the pH value of cake batter (raw) and cooked cake was accepted. 
Moisture 
Uncooked batter of cake contained 41.85% moisture. Conventionally baked cake 
had the moisture content of 27.06%, microwave cooked cake had 21.62% which 
was the least of all samples, and solar cooked cake had 22.07% moisture. 
 
Moisture content of cake differed significantly between raw and all cooked, as 
well as between (i) conventional and microwave (ii) conventional and solar 
cooked cake. So the hypothesis that there is no significant difference in the 
moisture content of cake batter (raw) and cooked cake was rejected. 
Protein 
Content of protein in cake batter was 8.62 g/100 g. Protein content showed 
apparent rise due to loss of moisture. Protein content on conventional baking 
was 9.65 g, indicating a decline of 1.62% when calculated on dry basis. 
Microwave cooked cake had 9.65 g protein, indicating a decrease of 2.52% in its 
protein content, which was the highest among the three samples. Protein content 
of solar cooked cake was 10.68 g, which meant a loss of 1.12%, the least among 
the three samples. 
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Egg white proteins readily get denatured even by brisk whisking or beating. On 
heating they coagulate. They are more sensitive to heat than yolk proteins (Sethi 
and Rao, 2005).  
 
Protein content of cake differed significantly only between (i) raw and solar 
cooked cake. So the hypothesis that there is no significant difference in the 
protein content of cake batter (raw) and cooked cake was rejected. 
Carbohydrates 
Carbohydrate content of cake batter was 47.65 g/100 g. Conventional cooking 
increased carbohydrate content to 62.4g. Carbohydrate content in microwave 
cooked cake rose to 67.84 g which was the highest of the three samples. Solar 
cooked cake showed the carbohydrate content of 66.31 g. 
 
Cooking resulted in increase in carbohydrate content. Carbohydrate content of 
cake differed significantly between raw and all cooked samples, but not among 
samples made by different cooking methods. So the hypothesis that there is no 
significant difference in the carbohydrate content of cake batter (raw) and cooked 
cake was rejected. 
Ash 
Ash content of cake batter was 0.67 g/100 g. After cooking it showed apparent 
rise due to loss of moisture. Conventionally cooked cake had 0.8 g ash, 
microwave cooked had 0.79, and solar cooked cake had 0.84 g ash. Cooking 
resulted in about 20% loss of moisture which explains the apparent increase in 
ash content. The loss of minerals on cooking was the highest for microwave 
cooked sample (0.17%) and the least for conventionally made sample (0.08%). 
The difference in ash content of conventionally baked and solar cooked cake was 
negligible. 
 
Ash content of cake differed significantly between raw and all cooked samples, 
but not among samples made by different cooking methods. So the hypothesis 
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that there is no significant difference in the ash content of cake batter (raw) and 
cooked cake was rejected. 
Iron 
Iron content of uncooked batter was 1.93 mg/100 g. Conventionally baked cake 
had 2.41 mg iron, microwave cooked cake had 2.59 mg and solar cooked cake 
had 2.58 mg iron. The apparent rise in iron content was due to concentration 
effect or loss of moisture. 
 
Iron content of cake differed significantly only between (i) raw and solar cooked 
samples. So the hypothesis that there is no significant difference in the iron 
content of cake batter (raw) and cooked cake was rejected. 
Total free amino acids (FAA) 
FAA content of raw batter was 310 mg/100 g. Conventionally baked cake 
showed FAA content of 232 mg, or a retention of 74.8%. Microwave cooked cake 
had 234 mg FAA, or a retention of 75.5%, indicating very small difference in loss 
of FAA by conventional baking and microwave cooking. Solar cooked cake 
retained the highest amount of FAA – 242 mg, or 78.1%. 
 
Total free amino acids content of cake differed significantly between raw and all 
cooked samples, but not among samples made by different cooking methods. So 
the hypothesis that there is no significant difference in the total free amino acids 
content of cake batter (raw) and cooked cake was rejected. 
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Fig. 21: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Cake Batter and Cake 
   
     
 
 
 
 
 
 
 
 
 
 
 
 
                   Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional, Mic.-Microwave, Sol.-Solar 
 
Table 105: FAA Isolated and Identified in Cake Batter and Cake and their 
Concentration  
Amino acid Std. 
Rf 
Obtained  
Rf 
Amino acid concentration (mg/100g) 
Raw Conven- 
tional 
Micro- 
wave 
Solar 
Glycine 0.18 0.15 46.6 36 23.8 43.2 
Glutamic acid 0.30 0.32 100 85 90 81 
Cysteine 0.38 0.40 6 2 3.6 5.2 
Tryptophan 0.48 0.50 34 16 22 16 
2-amino butyric acid 0.56 0.58 48 40 38 40 
Methionine 0.64 0.68 5.4 5 4.6 4.6 
Phenyl alanine 0.77 0.78 24 12 20 16 
L-leucine 0.91 0.90 46 36 32 36 
Total - - 310 232 234 242 
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Table 106: Statistical Analysis of Data of Concentration of Free Amino 
Acids in Cake Batter and Cake 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 62133.42 7 8876.203 446.2768 
Treatment 1279.132 3 426.3773 21.43735 
Error 1690.604 85 19.88946   
Total 65103.15 95     
        Fcal(21.43735) > Ftab(2.711921), therefore the difference is significant.   
 
Table 107: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Cake Batter and Cake 
Amino acid Groups 
R-C R-M R-S C-M C-S M-S 
Glycine S S NS S S S 
Glutamic acid NS NS S NS NS NS 
Cysteine S S NS S S S 
Tryptophan S S S S NS S 
2-amino butyric acid S S S NS NS NS 
Methionine S S S S S S 
Phenylalanine S S S S S S 
L-leucine S S S NS NS NS 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
On the basis of statistical analysis in Tables 106 and 107, the following 
hypotheses were rejected:  
1. There is no significant difference in the glycine content of raw (cake batter) 
and cooked cake. 
2. There is no significant difference in the glutamic acid content of raw (cake 
batter) and cooked cake. 
3. There is no significant difference in the cysteine content of raw (cake 
batter) and cooked cake. 
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4. There is no significant difference in the tryptophan content of raw (cake 
batter) and cooked cake. 
5. There is no significant difference in the 2-amino butyric acid content of raw 
(cake batter) and cooked cake. 
6. There is no significant difference in the methionine content of raw (cake 
batter) and cooked cake. 
7. There is no significant difference in the phenylalanine content of raw (cake 
batter) and cooked cake. 
8. There is no significant difference in the L-leucine content of raw (cake 
batter) and cooked cake. 
 
B) SENSORY EVALUATION  
Fig. 22: Sponge Cake Cooked By Different Methods 
                                                                                                                                       
          
 
 
 
 
 
 
 
 
            A-Conventional     B-Microwave           C-Solar 
 
Table 108: Mean Hedonic Score of Cake Cooked by Different Methods 
Sensory characteristics Conventional Microwave Solar 
Colour 8.4 6.5 7.5 
Odour 8.4 7.0 6.5 
Texture 8.8 6.5 7.5 
Taste 8.4 7.0 7.5 
Overall acceptability 8.5 6.5 7.5 
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Table 109: Statistical Analysis of Data of Mean Hedonic Score of Cake 
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 6.56 4 1.64 0.028041 
Treatment 100.0133 2 50.00667 0.855027 
Error 8363.427 143 58.4855   
Total 8470 149     
       Fcal(0.855027) < Ftab(3.059367), therefore the difference is insignificant.   
 
Table 110: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Mean Hedonic Score of Cake Cooked by Different Methods 
Sensory characteristics 
Groups 
C-M C-S M-S 
Colour S NS NS 
Odour S S NS 
Texture S NS NS 
Taste S NS NS 
Overall acceptability S NS NS 
C-M  Conventional-Microwave , C-S Conventional-Solar, M-S  Microwave-Solar                                                  
S-Significant,    NS- Not significant                                                                                      
 
Colour: Conventionally baked cake developed light brown crust, a very desirable 
characteristic, which was reflected in the highest score it acquired for colour. No 
browning in microwave cooked cake made it less acceptable for the same 
attribute. Solar cooked cake developed uniform, light brown crust, but it was 
slightly dark compared to conventionally made cake. 
 
Statistical analysis by percentage ratio showed significant difference in scores of 
colour of (i) conventional and microwave cooked cakes. 
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Odour: Cake baked in conventional oven had pleasant odour. Microwave cooked 
cake, and solar cooked cake (due to longer cooking time) did not retain desirable 
odour. 
 
Statistical analysis by percentage ratio showed significant difference in scores of 
odour of (i) conventional and microwave (ii) conventional and solar cooked 
cakes. 
 
Texture: Conventionally baked cake had the most acceptable texture. It was very 
soft, spongy and had fine, moist and uniform grain. Microwave cooked cake 
owing to greater moisture loss had rubbery texture and dry crust. Solar cooked 
cake had acceptable texture, but slow heating resulted in slightly dry and 
heavy/thick crust. 
 
Statistical analysis by percentage ratio showed significant difference in scores of 
texture of (i) conventional and microwave cooked cakes. 
 
Taste: The order of liking for taste was – conventionally baked cake, solar 
cooked cake and microwave cooked cake. Statistical analysis by percentage 
ratio showed significant difference in scores of taste of (i) conventional and 
microwave cooked cakes. 
 
Overall acceptability: The order of liking was – conventionally baked cake, solar 
cooked cake and microwave cooked cake. Statistical analysis by percentage 
ratio showed significant difference in scores of overall acceptability of (i) 
conventional and microwave cooked cakes. 
 
On the basis of statistical analysis in Table 110, the following hypotheses were 
rejected: 
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1. There is no significant difference in the colour of sponge cake cooked by 
different cooking methods. 
2. There is no significant difference in the odour of sponge cake cooked by 
different cooking methods. 
3. There is no significant difference in the texture of sponge cake cooked by 
different cooking methods. 
4. There is no significant difference in the taste of sponge cake cooked by 
different cooking methods. 
5. There is no significant difference in the overall acceptability of sponge 
cake cooked by different cooking methods. 
 
C) BACTERIAL LOAD STUDY 
Table 111: Bacterial Count (cfu/ml) of Cake Cooked by Different Methods 
 
Conventional Microwave Solar 
0.5 x 10 2.5 x 10 3.5 x 10 
 
High temperature acquired on conventional baking reduced the number of 
bacteria to the minimum among the three samples. Solar cooking did not result in 
as high temperature as in conventional and microwave cooking, which could 
probably be the reason for slightly higher bacterial count. 
 
The difference among the bacterial load of cake made by different cooking 
methods was highly significant in all groups - (i) conventional and microwave (ii) 
conventional and solar (iii) microwave and solar. Thus the hypothesis that there 
is no significant difference in the bacterial load of cake cooked by different 
cooking methods was rejected. 
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4.10 HANDWA 
 
Handwa, a fermented savory of Gujarat state is served as main meal, or as a 
snack item. Fermented foods are often actually more nutritious than their 
unfermented counterparts. Major importance of fermented foods is due to the 
variety they add to our diet. Fermentation encourages the multiplication of micro 
organisms and their metabolic activities in foods to obtain highly desirable end 
products. It describes the breakdown of carbohydrates under anaerobic 
conditions. 
 
The results of nutritional analysis and sensory evaluation were as discussed. 
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A) NUTRITIONAL EVALUATION 
Table 112: Nutritional Analysis of Handwa Ingredients, Handwa Batter and Handwa 
 
Parameter Rice Chana dal Curd Handwa 
batter 
batter 
Handwa 
Cooking methods 
Reported* 
 value 
Obtained  
value 
Reported* 
 value 
Obtained 
 value 
Reported* 
 value 
Obtained 
 value 
Conven-
tional 
Micro-
wave Solar 
Cooking time  (min)  
- 
 
- 
 
- 
 
- 
 
- 
 
- - 15 5 
1 hr 25 
min 
Endpoint temp. (ºC) - - - - - - - 90 84 72 
pH - 3.06 - 6.0 - 3.7 3.77 3.78 3.86 3.89 
Moisture (%) 13.7 14.0 9.9 13.8 89.1 90 60 54.4 46.4 48 
Protein (%) 6.8 6.3 20.8 18.4 3.1 2.8 4.5 4.8 5.3 5.65 
Carbohydrates (%) 78.2 78.4 59.8 59.4 3.0 3.16 28.27 34.7 41.5 40 
Ash (%) 0.6 0.6 2.7 1.92 0.8 0.8 0.57 0.52 0.62 0.58 
Iron (mg/100g) 0.7 0.96 5.3 5.04 0.2 0.33 1.18 1.35 1.6 1.55 
Total free amino 
acids (mg/100g) 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 410 320 250 370 
 Source: C. Gopalan, Nutritive Value of Indian Foods (1991) 
 
1
8
5
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Table 113: Statistical Analysis of Data of Nutritional Analysis of Handwa 
Batter and Handwa  
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Parameters 1088819 6 181469.9 354.5736 
Treatment 6064.404 3 2021.468 3.949743 
Error 37873.01 74 511.7974  
Total 1132757 83   
       Fcal(3.949743) > Ftab(2.72828), therefore the difference is significant.   
 
Table 114: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Nutritional Analysis of Handwa Batter and Handwa  
 
Parameters Groups 
R-C R-M R-S C-M C-S M-S 
pH NS NS NS NS NS NS 
Moisture (%) NS S S NS NS NS 
Protein (%) NS NS S NS NS NS 
Carbohydrates (%) S S S S NS NS 
Ash (%) NS NS NS NS NS NS 
Iron (mg/100 g) NS S S NS NS NS 
Total free amino acids 
(mg/100 g) 
S S NS S NS S 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
Cooking time and endpoint temperature 
Microwave cooking required the minimum time of 5 min. while conventional 
cooking required 15 min. on low heat, and solar cooking required 1 hr 25 min. 
Corresponding temperature of the samples measured at the end of cooking were 
90ºC, 84ºC, and 72ºC for conventional, microwave and solar cooked handwa. 
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pH 
pH of handwa batter was 4.79 before fermentation, which reduced to 3.77 after 
fermentation. Cooking did not bring about great pH changes. pH of handwa after 
conventional baking was 3.78, and was 3.86 and 3.89 for microwave cooked and 
solar cooked handwa, the difference being insignificant. Therefore the hypothesis 
that there is no significant difference in the pH of handwa batter and cooked 
handwa was accepted. 
 
Moisture 
Microwave and solar cooked handwa showed higher moisture loss. Prolonged 
cooking in uncovered container resulted in greater moisture loss in solar cooked 
sample. Microwave cooking was accomplished in the least time, yet exhibited 
maximum loss of moisture. Greater loss of moisture content in microwave 
cooked food has been reported by several workers, and this has been attributed 
to the principle of microwave cookery. 
 
Moisture content differed significantly between (i) raw and microwave (ii) raw and 
solar cooked handwa. Therefore the hypothesis that there is no significant 
difference in the moisture content of raw (handwa batter) and cooked handwa 
was rejected. 
 
Protein 
Protein content of unfermented handwa batter was 4.42 g/100 g, which showed a 
slight increase on fermentation and was 4.5 g. Conventionally baked handwa 
contained 4.8 g protein. Microwave cooked handwa had 5.3 g protein. Solar 
cooked handwa retained the highest amount of protein, 5.65 g. The apparent rise 
in protein was due to loss of moisture on cooking. Loss in protein ranged from 
0.39% in solar cooked handwa, to 1.37% in microwave cooked handwa. 
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Protein content differed significantly in (i) raw and solar cooked handwa. 
Therefore the hypothesis that there is no significant difference in the protein 
content of raw (handwa batter) and cooked handwa was rejected. 
 
Carbohydrates 
Carbohydrate content of fermented handwa batter was 28.27 g/100 .  
Conventionally baked handwa contained 34.7 g, microwave cooked handwa 
contained 41.5 g, and solar cooked handwa contained 40.0 g carbohydrate. Thus 
microwave cooked sample exhibited the highest rise. 
 
Carbohydrate content differed significantly in (i) raw and conventional (ii) raw and 
microwave (iii) raw and solar (iv) conventional and microwave cooked handwa. 
Therefore the hypothesis that there is no significant difference in the 
carbohydrate content of raw (handwa batter) and cooked handwa was rejected. 
 
Ash 
Ash content of fermented handwa batter was 0.57 g/100 g. After cooking, it was 
0.52 g for conventionally cooked handwa, 0.62 g  for microwave cooked handwa, 
and 0.58 g for solar cooked handwa. When calculated on dry basis, the figures 
indicated the highest loss of minerals in solar cooked sample (0.31%), to least in 
microwave cooked handwa (0.27%). There was insignificant difference in ash 
content of handwa cooked by different methods. The hypothesis that there is no 
significant difference in the ash content of raw (handwa batter) and cooked 
handwa was accepted. 
 
Iron 
Iron content of fermented handwa batter was 1.18 mg/100 g. It was 1.35 mg, 1.6 
mg, and 1.55 mg for conventionally cooked, microwave and solar cooked 
handwa. An apparent increase in iron content was due to concentration effect. 
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Iron content differed significantly between (i) raw and microwave (ii) raw and 
solar cooked handwa. Therefore the hypothesis that there is no significant 
difference in the iron content of raw (handwa batter) and cooked handwa was 
rejected. 
 
Total free amino acids (FAA) 
FAA content of unfermented batter was 102.6 mg/100 g. After fermentation this 
value rose to 410 mg indicating about four- fold increase in the content of FAA. 
Similar rise was reported by Soni and Sandhu (1990), Beuchat (1997), 
Swastomo et al. (1975), Zainuddin et al. (1975), Shrutleff (1976), Standal (1963), 
Kusano (1971) and Yong et al. (1977). The rise in the levels of amino acids was 
presumably due to the production of proteolytic enzymes by the developing 
microorganisms and the hydrolysis of insoluble polymers under acidic conditions 
(Soni and Sandhu 1990). 
 
Conventional and microwave cooking resulted in considerable loss of FAA. 
Conventionally made handwa had 320 mg, and microwave cooked handwa had 
250 mg FAA, which suggested a decline of 22% and 39.1% on conventional and 
microwave cooking respectively. Solar cooked handwa contained 370 mg, or 
9.8% loss of FAA. 
 
Total free amino acids content differed significantly in (i) raw and conventional (ii) 
raw and microwave (iii) conventional and microwave (iv) microwave and solar 
cooked handwa. Therefore the hypothesis that there is no significant difference in 
the total free amino acids content of raw (handwa batter) and cooked handwa 
was rejected. 
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Fig. 23: Chromatographic Separation of Free Amino Acids from Alcoholic 
Extract of Handwa Batter and Handwa 
 
 
 
 
 
 
 
 
 
 
 
 
                       Std.-Standard (Authenticated a.acids), Raw, Con.-Conventional, Mic.-Microwave, Sol.-Solar 
 
Table 115: FAA Isolated and Identified in Handwa Batter and Handwa and 
their Concentration  
Amino acid Std. Rf Obtained  
Rf 
Amino acid concentration (mg/100 g) 
Raw Conven- 
tional 
Micro- 
wave 
Solar 
Serine 0.23 0.22 82 61.8 32.8 53.2 
Alanine 0.36 0.33 22 14 14 12 
2-amino butyric acid 0.56 0.55 48 46 34 44 
Methionine 0.64 0.63 6 4.2 3.2 4.8 
Valine 0.77 0.73 82 56 44 84 
Phenylalanine 0.79 0.75 20 16 12 14 
Norleucine 0.83 0.87 102 86 80 112 
L-leucine 0.91 0.90 48 36 30 46 
Total - - 410 320 250 370 
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Table 116: Statistical Analysis of Data of Concentration of Free Amino 
Acids in Handwa Batter and Cooked Handwa 
ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Content of amino acids 77532.28 7 11076.04 158.8352 
Treatment 4833.781 3 1611.26 23.10618 
Error 5927.295 85 69.73289  
Total 88293.36 95   
          Fcal(23.10618) > Ftab(2.711921), therefore the difference is significant.   
 
Serine content suffered the highest loss on microwave cooking. Content of valine 
and nor- leucine showed a rise in solar cooked sample.  
 
Table 117: Statistical Analysis (Percentage Ratio) and Interpretation of Data 
of Concentration of Free Amino Acids in Handwa Batter and Handwa 
Amino acid Groups 
R-C R-M R-S C-M C-S M-S 
Serine S S S S NS S 
Alanine S S S NS NS NS 
2-amino butyric acid NS S NS S NS S 
Methionine S S S S NS S 
Valine S S NS S S S 
Phenylalanine S S S S NS NS 
Norleucine NS NS NS NS S S 
L-leucine S S NS S S S 
R-C  Raw-Conventional, R-M Raw-Microwave, R-S  Raw-Solar, C-M  Conventional-Microwave, C-S Conventional-Solar                   
M-S  Microwave-Solar                                                         S-Significant,  NS- Not significant                                                                               
On the basis of statistical analysis in Tables 116 and 117, the following 
hypotheses were rejected: 
1. There is no significant difference in the serine content of raw (handwa 
batter) and cooked handwa.  
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2. There is no significant difference in the alanine content of raw (handwa 
batter) and cooked handwa.  
3. There is no significant difference in the 2-amino butyric acid content of raw 
(handwa batter) and cooked handwa.  
4. There is no significant difference in the methionine content of raw (handwa 
batter) and cooked handwa.  
5. There is no significant difference in the valine content of raw (handwa 
batter) and cooked handwa.  
6. There is no significant difference in the phenylalanine content of raw 
(handwa batter) and cooked handwa.  
7. There is no significant difference in the norleucine content of raw (handwa 
batter) and cooked handwa. 
8. There is no significant difference in the L-leucine content of raw (handwa 
batter) and cooked handwa.  
 
B) SENSORY EVALUATION  
Fig. 24: Handwa Cooked by Different Methods 
    A-Conventional          B-Microwave         C-Solar 
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Table 118: Mean Hedonic Score of Handwa Cooked by Different Methods 
Sensory characteristics Conventional Microwave Solar 
Colour 8.6 8.0 7.2 
Odour 8.8 7.8 7.0 
Texture 8.8 7.2 7.2 
Taste 8.8 7.6 7.4 
Overall acceptability 8.8 7.8 7.2 
 
 
Table 119: Statistical Analysis of Data of Mean Hedonic Score of Handwa 
Cooked by Different Methods 
                                                 ANOVA TABLE 
SOURCE S.S D.F M.S.S F-Ratio 
Sensory characteristics 1.493333 4 0.373333 0.005657 
Treatment 71.09333 2 35.54667 0.538619 
Error 9437.413 143 65.9959   
Total 9510 149     
       Fcal(0.538619) < Ftab(3.059376), therefore the difference is insignificant.   
 
 Table 120: Statistical Analysis (Percentage Ratio) and Interpretation of 
Data of Mean Hedonic Score of Handwa Cooked by Different Methods 
Sensory characteristics 
Groups 
C-M C-S M-S 
Colour NS NS NS 
Odour NS S NS 
Texture S S NS 
Taste NS NS NS 
Overall acceptability NS S NS 
C-M  Conventional-Microwave , C-S Conventional-Solar, M-S  Microwave-Solar                                                    
S-Significant    NS- Not significant                                                                                      
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Colour: Conventionally cooked handwa developed golden brown, crisp crust and 
thus the highest score for colour. Microwave cooked handwa did not develop 
brown crust. Solar cooked handwa developed slightly dark crust which showed 
the least acceptability. 
 
Odour: Aroma of conventionally cooked handwa was the most acceptable. Slow 
heating in closed container could help to retain aroma of handwa in conventional 
baking. Solar cooked handwa, due to prolonged cooking time and cooking in 
uncovered container resulted in greater loss of aroma and hence the least score. 
 
Statistical analysis by percentage ratio showed significant difference in the 
scores for odour of (i) conventional and solar cooked handwa. 
 
Texture: Golden brown crisp crust, and fine moist grain of conventionally made 
handwa made it the most acceptable for texture. Microwave and solar cooked 
handwa scored equal for texture. These methods did not result in required 
swelling of handwa. Again, both the methods also resulted in greater loss of 
moisture and so little dry grain. Microwave cooked handwa did not develop 
brown crust. Solar cooked handwa developed slightly dark crust. 
 
Statistical analysis by percentage ratio showed significant difference in the 
scores for texture of (i) conventional and microwave (ii) conventional and solar 
cooked handwa. 
 
Taste: The order of liking for taste was – conventional, microwave and solar 
cooked handwa. 
 
Overall acceptability: The order of liking for overall acceptability was – 
conventional, microwave and solar cooked handwa. Statistical analysis by 
percentage ratio showed significant difference in the scores for overall 
acceptability of (i) conventional and solar cooked handwa. 
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On the basis of statistical analysis presented in Table 120, the following 
hypotheses were accepted: 
1. There is no significant difference in the colour of handwa cooked by 
different cooking methods. 
2. There is no significant difference in the taste of handwa cooked by 
different cooking methods. 
The following hypotheses were rejected: 
1. There is no significant difference in the odour of handwa cooked by 
different cooking methods. 
2. There is no significant difference in the texture of handwa cooked by 
different cooking methods. 
3. There is no significant difference in the overall acceptability of handwa 
cooked by different cooking methods. 
 
C) BACTERIAL LOAD STUDY 
 
Table 121: Bacterial Count (cfu/ml) of Handwa Cooked by Different Methods 
 
Conventional Microwave Solar 
6.5 x 102 6.5 x 102 7.0 x 102 
 
Handwa, being a fermented product hosted a high number of bacteria before 
cooking. Due to this, handwa exhibited very high number of surviving bacteria 
even after cooking. The readings of total bacterial load after cooking showed 
insignificant difference in the number of surviving cells. Therefore the hypothesis 
that there is no significant difference in the bacterial load of handwa cooked by 
different methods was accepted. 
  
 
 
 
SUMMARY 
AND 
CONCLUSION 
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CHAPTER 5 
 
 
SUMMARY AND CONCLUSION 
 
 
5.1 SUMMARY 
 
Health is related to the food consumed. To maintain good health, ingesting a diet 
containing the nutrients in correct amounts is essential. Food preparation helps in 
combining food ingredients in various ways with delicate flavours, textures and 
colour which appeal to the senses. Food has to be pleasing in appearance and 
taste so that it is consumed. Food preparation is an important step in meeting the 
nutritional needs of the family. 
 
The process of subjecting foods to the action of heat is termed as cooking. 
Nutritive value of most foods is affected by cooking irrespective of methods either 
in commercial establishment or at households. 
 
Conventional methods of cooking have been in use since ages. Microwave 
cooking, a recent trend has transformed the lifestyle of people all over the world 
by dramatically reducing the hours spent by housewives in the kitchen. The solar 
cooker is an ideal kitchen appliance that offers multipurpose uses, is ecologically 
and economically beneficial. With all these sources of energy, and different 
methods available for cooking it becomes necessary to select the best ones in 
terms of nutrient retention and sensory qualities of cooked food. 
 
The present study was hence undertaken to compare the effect of different 
cooking methods, viz. conventional, microwave and solar on pH, moisture, 
protein, carbohydrate, iron, vitamin C and free amino acids. Also was studied the 
effect of cooking methods on temperature attained by food at doneness and time 
required for cooking by different methods. Different cooking methods were also 
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compared in terms of sensory characteristics viz. colour, odour, texture, taste, 
and overall acceptability of food. The effect of cooking methods on bacterial 
population was also studied. 
 
Ten different recipes that could be prepared by all three methods viz. 
conventional, microwave and solar cooking were selected for the study. These 
included roasted groundnut, plain rice, sweet corn, potato sabji, palak sabji, 
mung dal, kheer, muthiya, handwa, and cake. These recipes involved various 
methods of conventional cooking namely pressure cooking, boiling, broiling, 
roasting, sautéing, baking and steaming. Fermentation, a method of pre-
preparation was also selected for this study. The recipes included food from 
almost all food groups – cereals, pulses, vegetables (leafy, roots and tubers and 
other vegetables), milk, sugar, eggs, nuts and oil seeds.  
 
The recipes were standardized for the ingredients, their amount, temperature and 
time of cooking. The prepared recipes were subjected to sensory evaluation. 
Cooked samples were handled aseptically to carry out the study of effect of 
different cooking methods on bacterial population. Analysis of all the samples 
was carried out for moisture, pH, protein, carbohydrates, free amino acids and 
iron. Qualitative and quantitative estimation of amino acids was done using 
circular paper chromatography. Foods containing considerable amount of vitamin 
C viz. sweet corn, potato sabji and spinach sabji were also analysed for vitamin 
C. Oil content of groundnut was estimated. Oil extracted from groundnut, and oil 
used for cooking potato sabji were analysed for acid value. Effect of reheating on 
nutrients was done was done on one sample - palak sabji.  
 
5.2 CONCLUSION 
 
Cooking affected various nutritional and sensory properties of food. The changes 
in food taking place due to heat treatment depended greatly on duration of 
cooking and temperature attained by the food. 
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Different cooking methods used for cooking had varying effect on nutrient 
retention.  
 
Effect of cooking methods on pH 
Cooking resulted in rise in pH of food. This rise was different for different cooking 
methods. Microwave cooked potato sabji, palak sabji, muthiya, sponge cake and 
kheer showed greater rise compared to their conventional and solar cooked 
counter parts. Solar cooked groundnut, rice and handwa showed higher pH 
compared to their conventional and microwave cooked counter parts. Rise in pH 
in mung dal and corn cooked by different methods showed little difference.  
 
The results revealed that majority of microwave cooked food underwent greater 
pH changes. 
 
pH of raw and cooked samples differed significantly in two of the ten recipes - 
rice and muthiya. In rice, the pH change in raw and cooked samples was due to 
the pH of water used for cooking, and not the effect of cooking methods. It can 
be said that cooking methods did not affect pH of most of the foods.  
 
Effect of cooking methods on moisture 
Quick rise in temperature of microwave cooked food resulted in greater loss of 
moisture in rice, sponge cake and handwa. Solar roasted groundnut showed 
greater moisture loss. Food cooked by conventional method, especially open pan 
cooking for some time, or over total cooking period resulted in greater loss of 
moisture in palak sabji, mung dal and kheer. Broiling of corn also resulted in 
slightly higher loss of moisture.  
 
Moisture of raw and cooked samples differed significantly in three of the ten 
recipes – groundnut, cake and handwa. Cooking resulted in loss of moisture, but 
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when loss among different methods was compared, the difference was not  
significant in most of the foods.  
 
Effect of cooking methods on protein and free amino acids 
Heat treatment and high temperature caused loss of free amino acids ranging 
from 0-100 per cent, and eventually loss of protein. Steamed muthiya and 
pressure cooked corn showed greater retention of free amino acids and protein. 
Microwave cooked potato sabji, palak sabji, mung dal and kheer showed greater 
retention of free amino acids and protein. Solar cooked groundnut, rice, sponge 
cake and handwa showed greater retention of free amino acids and protein. Thus 
it could be observed that compared to conventional methods of cooking, 
microwave and solar cooked food retained more protein and free amino acids. 
 
Protein content of raw and cooked samples differed significantly in seven of the 
ten recipes – rice, sweet corn, potato sabji, palak sabji, kheer, cake, and handwa. 
Free amino acids differed significantly in all ten recipes. It could be thus said that 
all cooking methods affected protein in most of the foods, and free amino acids in 
all the foods.  
 
Effect of cooking methods on carbohydrates 
Cooking resulted in rise in carbohydrate content. Microwave cooked groundnut, 
rice, muthiya, sponge cake and handwa; conventionally cooked mung dal, kheer 
and corn (pressure cooked), and solar cooked potato sabji and palak sabji  
showed greater rise in carbohydrate content. 
 
The results would thus lead to conclusion that prolonged heating as in solar 
cooking did not tend to increase carbohydrate content in most of the samples. 
Cooking by boiling in open pan as in conventionally made mung dal and kheer 
resulted in greater rise in carbohydrate content. 
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Carbohydrate content of raw and cooked samples differed significantly in nine of 
the ten recipes – rice, sweet corn, potato sabji, palak sabji, mung dal, kheer, 
muthiya, cake, and handwa. Thus it could be said that heating significantly 
affected carbohydrate content in most of the foods.  
 
Effect of cooking methods on ash 
Solar cooking did not seem to have positive effect on retention of minerals as 
only one sample, sweet corn cooked in solar cooker retained highest minerals. In 
case of conventional methods, rice, muthiya, cake and kheer retained greater 
minerals compared to their counterparts. Microwave cooked potato sabji, palak 
sabji, mung dal and handwa retained the highest minerals compared to their 
counterparts. 
 
Ash content of raw and cooked samples differed significantly in four of the ten 
recipes – rice, palak sabji, kheer, and cake. Thus it could be said that heating 
had  less effect on ash content in most of the foods.  
 
Effect of cooking methods on iron 
Iron content showed significant change on cooking in nine of the ten recipes - 
rice, sweet corn, potato sabji, palak sabji, mung dal, kheer, muthiya, cake and 
handwa.  These findings are contradictory to the findings of researches done 
earlier. It can be inferred from the present study that iron is as sensitive to heat 
treatments as any other nutrient.  
 
Effect of cooking methods on vitamin C 
Sweet corn, potato sabji and palak sabji were analysed for vitamin C. Sweet corn 
(pressure cooked) and palak sabji made by conventional methods retained 
higher vitamin. Potato sabji cooked by microwave retained higher vitamin. All 
solar cooked samples showed greater loss of vitamin C, thus revealing the 
adverse effect of prolonged heating on the heat sensitive vitamin. 
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Vitamin C content of raw and cooked samples differed significantly in all the three 
recipes. This once again proved the sensitivity of the heat labile vitamin.   
 
Effect of cooking methods on acid value 
Oil extracted from groundnut, and oil used for cooking potato sabji were analysed 
for acid value. While the groundnut oil did not show significant variation in the 
free fatty acid content, oil obtained from solar cooked potato sabji showed slightly 
higher acid value suggesting that slow but prolonged heating could result in 
formation of greater amount of free fatty acids. 
 
Acid value of oil obtained from cooked potato sabji differed significantly from raw 
oil. Thus a conclusion that cooking, especially slow and prolonged heating 
affected acid value could be drawn. 
 
Effect of cooking methods on bacterial load 
Results of bacterial load study by plate count method showed that the number of 
surviving bacteria was the highest in four out of nine recipes (palak sabji, potato 
sabji, kheer and muthiya) cooked by microwave, two recipes (cake and handwa) 
made by solar cooking, and one recipe (broiled sweet corn) cooked 
conventionally. This suggests the efficiency of conventional cooking methods in 
rendering food safe in terms of bacterial load. Microwave and solar cooking 
seemed less effective in this aspect. 
   
Effect of cooking methods on sensory characteristics 
Acceptability study by hedonic scoring showed that nine recipes out of total ten 
made by conventional methods were most acceptable. Only conventionally made 
mung dal was less acceptable compared to its two counterparts. Five microwave 
cooked recipes (roasted groundnut, rice, sweet corn, kheer and cake) were least 
acceptable, and four solar cooked recipes (potato sabji, palak sabji, muthiya and 
handwa) were least accepted. This suggested that conventionally made recipes 
were far ahead in their sensory attributes, and thus the acceptability.   
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Different cooking methods affected colour, odour, texture and taste of palak sabji, 
kheer, muthiya, cake and handwa. Despite of standardization of recipes to 
minimize differences in sensory attributes due to cooking methods, some 
differences remained inevitable. 
  
Different methods of conventional cooking were used in the present study. 
Results showed that compared to methods like boiling and broiling, methods like 
steaming, pressure cooking, roasting and baking retained more nutrients. 
Conventional methods of cooking proved better compared to solar and 
microwave cooking in terms of better sensory characteristics, low bacterial load 
and to some extent, nutrient retention in foods. Microwave cooking is supposed 
to retain more nutrients. Observations in the present study revealed the efficiency 
of microwave cooking for better retention of vitamin C, and to some extent for 
free amino acids. Solar cooking proved good for better protein and mineral 
retention. 
 
Thus conventional methods of cooking could be rated higher, though microwave 
and solar cooking methods remained behind with marginal difference. A judicious 
combination of different cooking methods could be done to obtain maximum 
nutrition as well as safe and wholesome foods. 
 
5.3 SUGGESTIONS FOR FURTHER STUDY 
1. The study can be extended on more recipes to study the effect of different 
cooking methods. 
2. B-complex vitamins are heat labile and more affected by cooking. A study 
needs to be carried out to see the effect of different cooking methods on 
vitamin B-complex. 
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APPENDIX 
STATISTICAL ANALYSIS BY ANOVA AND RANDOMIZED BLOCK DESIGN 
Data of Nutritional Analysis : Sample 
Groundnut 
       Step - 1 
                raw con mic sol raw con mic sol raw con mic sol 
pH   5.48 5.56 5.56 5.63 5.45 5.55 5.56 5.64 5.51 5.57 5.56 5.62 
moisture   5.08 3.93 3.47 3.19 5.1 3.9 3.5 3.19 5.06 3.96 3.44 3.19 
protein   26.3 25.61 25.61 26.32 27 25 25.4 26.4 25.6 26.22 25.81 26.24 
CHO   25.3 27.91 28.35 27.31 25 28 28 27.3 25.6 27.82 28.7 27.32 
fat   39.06 38.203 38.211 38.8 39 38 38 38.5 39.12 38.406 38.4 39.1 
ash   2.34 2.4 2.41 2.42 2.33 2.45 2.35 2.44 2.35 2.35 2.47 2.4 
iron   2.28 2.32 2.32 2.36 2.3 2.35 2.3 2.3 2.26 2.29 2.34 2.42 
FFA   260 230 220 250 270 245 225 250 250 215 215 250 
acidvalue   0.84 0.85 0.85 0.86 0.84 0.86 0.86 0.85 0.84 0.84 0.84 0.87 
    366.68 336.783 326.781 356.89 377.02 351.11 330.97 356.62 356.34 322.456 322.56 357.16 
    
G1= 1387.134 
  
G2= 1415.72 
  
G3= 1358.516 
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Step - 3 
       RAW CON MIC SOL     
1 16.44 16.68 16.68 16.89 66.69   
2 15.24 11.79 10.41 9.57 47.01   
3 78.9 76.83 76.82 78.96 311.51   
4 75.9 83.73 85.05 81.93 326.61   
5 117.18 114.609 114.611 116.4 462.8   
6 7.02 7.2 7.23 7.26 28.71   
7 6.84 6.96 6.96 7.08 27.84   
8 780 690 660 750 2880   
9 2.52 2.55 2.55 2.58 10.2   
  1100.04 1010.349 980.311 1070.67 4161.37 G 
       
 
b= 9 
    
 
t= 4 
    
 
r= 3 
    
 
N=r*b*t= 108 
    
       
 
Correction Factor(CF)=G
2
/N= 160342.6 
  
       
 
Total sum of squares, TSS= 570107.3 
  
       
 
Sum of squares due to treatment, 
  
   
Trss= 332.8496 
  
       
 
Sum of squares due to block, 
   
   
Bss= 566378.8 
  
       
 
Error sum squares, Ess=TSS-(Trss+Bss) 
 
       
   
Ess= 3395.598 
  
       
       
 
ANOVA TABLE 
 
 
SOURCE S.S D.F M.S.S F-Ratio 
 
 
BLOCK 566378.8 8 70797.36 2001.576 
 
 
TREATMENT 332.8496 3 110.9499 3.136764 
 
 
ERROR 3395.598 96 35.37081   
 
 
TOTAL 570107.3 107     
  
